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METHODS AND APPARATUS FOR LANCET When using existing methods , blood often flows from the 
ACTUATION cut blood vessels but is then trapped below the surface of the 

skin , forming a hematoma . In other instances , a wound is 
CROSS - REFERENCE TO RELATED created , but no blood flows from the wound . In either case , 

APPLICATIONS the lancing process cannot be combined with the sample 
acquisition and testing step . Spontaneous blood droplet 

This application is a continuation of U . S . Ser . No . 13 / 151 , generation with current mechanical launching system varies 
613 filed Jun . 2 , 2011 , which claims the benefit of U . S . between launcher types but on average it is about 50 % of 
61 / 350 , 625 filed Jun . 2 , 2010 , and U . S . 61 / 351 , 013 filed Jun . lancet strikes , which would be spontaneous . Otherwise 3 , 2010 . This application is also a continuation - in - part of 10 mil milking is required to yield blood . Mechanical launchers are U . S . Ser . No . 12 / 942 , 246 filed Nov . 9 , 2010 , which appli unlikely to provide the means for integrated sample acqui 
cation is a continuation - in - part of U . S . Ser . No . 12 / 143 , 373 sition and testing if one out of every two strikes does not filed Jun . 20 , 2008 ( now U . S . Pat . No . 7 , 862 , 520 ) , which is yield a spontaneous blood sample . a continuation of U . S . Ser . No . 11 / 764 229 filed Jun 18 Many diabetic patients ( insulin dependent ) are required to 2007 ( now U . S . Pat . No . 7 , 981 , 056 ) , which is a divisional of 15 
U . S . Ser . No . 11 / 687 , 028 filed Mar . 16 , 2007 ( now U . S . Pat . self - test for blood glucose levels five to six times daily . The 
No . 8 , 414 , 503 ) , which is a divisional of U . S . Ser . No . large number of steps required in traditional methods of 
10 / 237 , 261 filed Sep . 5 , 2002 ( now U . S . Pat . No . 7 , 344 , glucose testing ranging from lancing , to milking of blood , 
507 ) , which is a continuation - in - part of U . S . Ser . No . applying blood to the test strip , and getting the measure 
10 / 127 , 395 filed Apr . 19 , 2002 ( now U . S . Pat . No . 7 , 025 , 20 ments from the test strip discourages many diabetic patients 
774 ) , which claims the benefit of U . S . 60 / 298 , 055 , 60 / 298 , from testing their blood glucose levels as often as recom 
126 , 60 / 297 , 861 , 60 / 298 , 001 , 60 / 298 , 056 , and 60 / 297 , 860 , mended . Tight control of plasma glucose through frequent 
all filed Jun . 12 , 2001 . All of the above applications are fully testing is therefore mandatory for disease management . The 
incorporated herein by reference . pain associated with each lancing event further discourages 

25 patients from testing . Additionally , the wound channel left 
BACKGROUND OF THE INVENTION on the patient by known systems may also be of a size that 

discourages those who are active with their hands or who are 
Lancing devices are known in the medical health - care worried about healing of those wound channels from testing 

products industry for piercing the skin to produce blood for their glucose levels . 
analysis . Biochemical analysis of blood samples is a diag - 30 Another problem frequently encountered by patients who 
nostic tool for determining clinical information . Many point must use lancing equipment to obtain and analyze blood 
of - care tests are performed using whole blood , the most of - care tests are performed using whole blood , the most samples is the amount of manual dexterity and hand - eye 
common being monitoring diabetic blood glucose level . coordination required to properly operate the lancing and 
Other uses for this method include the analysis of oxygen sample testing equipment due to retinopathies and neuropa 
and coagulation based on Prothrombin time measurement . 35 thies particularly , severe in elderly diabetic patients . For 
Typically , a drop of blood for this type of analysis is those patients , operating existing lancet and sample testing 
obtained by making a small incision in the fingertip , creating equipment can be a challenge . Once a blood droplet is 
a small wound , which generates a small blood droplet on the created , that droplet must then be guided into a receiving 
surface of the skin . channel of a small test strip or the like . If the sample 

Early methods of lancing included piercing or slicing the 40 placement on the strip is unsuccessful , repetition of the 
skin with a needle or razor . Current methods utilize lancing entire procedure including re - lancing the skin to obtain a 
devices that contain a multitude of spring , cam and mass new blood droplet is necessary . 
actuators to drive the lancet . These include cantilever 
springs , diaphragms , coil springs , as well as gravity plumbs SUMMARY OF THE INVENTION 
used to drive the lancet . Typically , the device is pre - cocked 45 
or the user cocks the device . The device is held against the In one aspect of the present invention , a lancet driver is 
skin and the user , or pressure from the users skin , mechani configured to exert a driving force on a lancet during a 
cally triggers the ballistic launch of the lancet . The forward lancing cycle and is used on a tissue site . The driver 
movement and depth of skin penetration of the lancet is comprises of a drive force generator for advancing the lancet 
determined by a mechanical stop and / or dampening , as well 50 along a path into the tissue site , and a manual switch for a 
as a spring or cam to retract the lancet . Such devices have user interface input . 
the possibility of multiple strikes due to recoil , in addition to 
vibratory stimulation of the skin as the driver impacts the BRIEF DESCRIPTION OF THE DRAWINGS 
end of the launcher stop , and only allow for rough control for 
skin thickness variation . Different skin thickness may yield 55 FIGS . 1 - 3 are graphs of lancet velocity versus position for 
different results in terms of pain perception , blood yield and embodiments of spring driven , cam driven , and controllable 
success rate of obtaining blood between different users of the force drivers . 
lancing device . FIG . 4 illustrates an embodiment of a controllable force 

Success rate generally encompasses the probability of driver in the form of a flat electric lancet driver that has a 
producing a blood sample with one lancing action , which is 60 solenoid - type configuration . 
sufficient in volume to perform the desired analytical test . FIG . 5 illustrates an embodiment of a controllable force 
The blood may appear spontaneously at the surface of the driver in the form of a cylindrical electric lancet driver using 
skin , or may be “ milked " from the wound . Milking generally a coiled solenoid - type configuration . 
involves pressing the side of the digit , or in proximity of the FIG . 6 illustrates a displacement over time profile of a 
wound to express the blood to the surface . In traditional 65 lancet driven by a harmonic spring / mass system . 
methods , the blood droplet produced by the lancing action FIG . 7 illustrates the velocity over time profile of a lancet 
must reach the surface of the skin to be viable for testing . driver by a harmonic spring / mass system . 
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FIG . 8 illustrates a displacement over time profile of an FIGS . 37 - 41 illustrate a method of tissue penetration that 

embodiment of a controllable force driver . may measure elastic recoil of the skin . 
FIG . 9 illustrates a velocity over time profile of an FIG . 42 is a graphical representation of position and 

embodiment of a controllable force driver . velocity vs . time for a lancing cycle . 
FIG . 10 illustrates the lancet needle partially retracted , 5 FIG . 43 illustrates a sectional view of the layers of skin 

after severing blood vessels ; blood is shown following the with a lancet disposed therein . 
needle in the wound tract . FIG . 44 is a graphical representation of velocity vs . 

FIG . 11 illustrates blood following the lancet needle to the position of a lancing cycle . 
skin surface , maintaining an open wound tract . FIG . 45 is a graphical representation of velocity vs . time 

FIG . 12 is a diagrammatic view illustrating a controlled 10 of a lancing cycle . 
feed - back loop . FIG . 46 is an elevation view in partial longitudinal section 

FIG . 13 is a graph of force vs . time during the advance of an alternative embodiment of a driver coil pack and 
ment and retraction of a lancet showing some characteristic position sensor . 
phases of a lancing cycle . FIG . 47 is a perspective view of a flat coil driver having 

FIG . 14 illustrates a lancet tip showing features , which 15 features of the invention . 
can affect lancing pain , blood volume , and success rate . FIG . 48 is an exploded view of the flat coil driver of FIG . 

FIG . 15 illustrates an embodiment of a lancet tip . 47 . 
FIG . 16 is a graph showing displacement of a lancet over FIG . 49 is an elevational view in partial longitudinal 

time . section of a tapered driver coil pack having features of the 
FIG . 17 is a graph showing an embodiment of a velocity 20 invention . 

profile , which includes the velocity of a lancet over time FIG . 50 is a transverse cross sectional view of the tapered 
including reduced velocity during retraction of the lancet . coil driver pack of FIG . 49 taken along lines 50 - 50 in FIG . 

FIG . 18 illustrates the tip of an embodiment of a lancet 49 . 
before , during and after the creation of an incision braced FIG . 51 shows an embodiment of a sampling module 
with a helix . 25 which houses a lancet and sample reservoir . 

FIG . 19 illustrates a finger wound tract braced with an FIG . 52 shows a housing that includes a driver and a 
elastomer embodiment . chamber where the module shown in FIG . 51 can be loaded . 

FIG . 20 is a perspective view of a tissue penetration FIG . 53 shows a tissue penetrating sampling device with 
device having features of the invention . the module loaded into the housing . 

FIG . 21 is an elevation view in partial longitudinal section 30 FIG . 54 shows an alternate embodiment of a lancet 
of the tissue penetration device of FIG . 20 . configuration . 

FIG . 22 is an elevation view in partial section of an FIG . 55 illustrates an embodiment of a sample input port , 
alternative embodiment . sample reservoir and ergonomically contoured finger contact 

FIG . 23 is a transverse cross sectional view of the tissue area . 
penetration device of FIG . 21 taken along lines 23 - 23 of 35 FIG . 56 illustrates the tissue penetration sampling device 
FIG . 21 . during a lancing event . 

FIG . 24 is a transverse cross sectional view of the tissue FIG . 57 illustrates a thermal sample sensor having a 
penetration device of FIG . 21 taken along lines 24 - 24 of sample detection element near a surface over which a fluid 
FIG . 21 . may flow and an alternative position for a sampled detection 

FIG . 25 is a transverse cross sectional view of the tissue 40 element that would be exposed to a fluid flowing across the 
penetration device of FIG . 21 taken along lines 25 - 25 of surface . 
FIG . 21 . FIG . 58 shows a configuration of a thermal sample sensor 

FIG . 26 is a transverse cross sectional view of the tissue with a sample detection element that includes a separate 
penetration device of FIG . 21 taken along lines 26 - 26 of heating element . 
FIG . 21 . 45 FIG . 59 depicts three thermal sample detectors such as 

FIG . 27 is a side view of the drive coupler of the tissue that shown in FIG . 58 with sample detection elements 
penetration device of FIG . 21 . located near each other alongside a surface . 

FIG . 28 is a front view of the drive coupler of the tissue FIG . 60 illustrates thermal sample sensors positioned 
penetration device of FIG . 21 with the lancet not shown for relative to a channel having an analysis site . 
purposes of illustration . 50 FIG . 61 shows thermal sample sensors with sample detec 

FIGS . 29A - 29C show a flowchart illustrating a lancet tion analyzers positioned relative to analysis sites arranged 
control method . in an array on a surface . 

FIG . 30 is a diagrammatic view of a patient ' s finger and FIG . 62 schematically illustrates a sampling module 
a lancet tip moving toward the skin of the finger . device including several possible configurations of thermal 

FIG . 31 is a diagrammatic view of a patient ' s finger and 55 sample sensors including sample detection elements posi 
the lancet tip making contact with the skin of a patient ' s tioned relative to sample flow channels and analytical 
finger . regions . 

FIG . 32 is a diagrammatic view of the lancet tip depress - FIG . 63 illustrates a tissue penetration sampling device 
ing the skin of a patient ' s finger . having features of the invention . 

FIG . 33 is a diagrammatic view of the lancet tip further 60 FIG . 64 is a top view in partial section of a sampling 
depressing the skin of a patient ' s finger . module of the tissue penetration sampling device of FIG . 63 . 

FIG . 34 is a diagrammatic view of the lancet tip penetrat - FIG . 65 is a cross sectional view through line 65 - 65 of the 
ing the skin of a patient ' s finger . sampling module shown in FIG . 64 . 

FIG . 35 is a diagrammatic view of the lancet tip penetrat - FIG . 66 schematically depicts a sectional view of an 
ing the skin of a patient ' s finger to a desired depth . 65 alternative embodiment of the sampling module . 

FIG . 36 is a diagrammatic view of the lancet tip with - FIG . 67 depicts a portion of the sampling module sur 
drawing from the skin of a patient ' s finger . rounding a sampling port . 
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FIGS . 68 - 70 show in sectional view one implementation FIG . 93 is a perspective view of the front of a lancet 

of a spring powered lancet driver in three different positions cartridge coupled to the distal end of a controlled electro 
during use of the lancet driver . magnetic driver . 

FIG . 71 illustrates an embodiment of a tissue penetration FIG . 94 is an elevational front view of the lancet cartridge 
sampling device having features of the invention . 5 of FIG . 93 . 

FIG . 72 shows a top surface of a cartridge that includes FIG . 95 is a top view of the lancet cartridge of FIG . 93 . 
multiple sampling modules . FIG . 96 is a perspective view of the lancet cartridge of 

FIG . 73 shows in partial section a sampling module of the FIG . 93 with a portion of the cartridge body and lancet 
sampling cartridge positioned in a reader device . receptacle not shown for purposes of illustration of the 

FIG . 74 is a perspective view in partial section of a tissue 10 internal mechanism . 
penetration sampling device with a cartridge of sampling FIGS . 97 - 101 illustrate an embodiment of an agent injec 
modules . tion device . 

FIG . 75 is a front view in partial section of the tissue FIGS . 102 - 106 illustrate an embodiment of a cartridge for 
penetration sampling device of FIG . 56 . use in sampling having a sampling cartridge body and a 

FIG . 76 is a top view of the tissue penetration sampling 15 lancet cartridge body . 
device of FIG . 75 . FIG . 107 is a schematic showing a lancet driver having a 

FIG . 77 is a perspective view of a section of a sampling driver force generator and a sensor according to the present 
module belt having a plurality of sampling modules con - invention . 
nected in series by a sheet of flexible polymer . FIG . 108 is a schematic showing one embodiment of the 

FIG . 78 is a perspective view of a single sampling module 20 lancet driver using closed loop control . 
of the sampling module belt of FIG . 59 . FIG . 109 is a schematic showing one embodiment of the 

FIG . 79 is a bottom view of a section of the flexible lancet driver using a damper . 
polymer sheet of the sampling module of FIG . 78 illustrating FIGS . 110A and 1106 show embodiments of the lancet 
the flexible conductors and contact points deposited on the driver for use with multiple lancets . 
bottom surface of the flexible polymer sheet . 25 FIGS . 111 - 115 illustrate embodiments of a lancet driver 

FIG . 80 is a perspective view of the body portion of the with a variety of different interface devices . 
sampling module of FIG . 77 without the flexible polymer FIGS . 116 ( a ) and 116 ( b ) illustrate top and side views of 
cover sheet or lancet . embodiments of a lancet driver with a multi - switch user 

FIG . 81 is an enlarged portion of the body portion of the interface of the present invention . 
sampling module of FIG . 80 illustrating the input port , 30 FIG . 117 illustrates an embodiment of a lancet driver of 
sample flow channel , analytical region , lancet channel and the present invention with an LED . 
lancet guides of the sampling module . FIG . 118 illustrates an embodiment of a lancet driver of 

FIG . 82 is an enlarged elevational view of a portion of an the present invention with a semi - transparent lancet window . 
alternative embodiment of a sampling module having a FIGS . 119 ( a ) - ( c ) depict various embodiments of the 
plurality of small volume analytical regions . 35 lancing device . 

FIG . 83 is a perspective view of a body portion of a lancet 
module that can house and guide a lancet without sampling DESCRIPTION OF THE SPECIFIC 
or analytical functions . EMBODIMENTS 

FIG . 84 is an elevational view of a drive coupler having 
a T - slot configured to accept a drive head of a lancet . 40 Variations in skin thickness including the stratum cor 

FIG . 85 is an elevational view of the drive coupler of FIG . neum and hydration of the epidermis can yield different 
84 from the side and illustrating the guide ramps of the drive results between different users with existing tissue penetra 
coupler . tion devices , such as lancing devices wherein the tissue 

FIG . 86 is a perspective view of the drive coupler of FIG . penetrating element of the tissue penetration device is a 
84 with a lancet being loaded into the T - slot of the drive 45 lancet . Many current devices rely on adjustable mechanical 
coupler . stops or damping , to control the lancet ' s depth of penetra 

FIG . 87 is a perspective view of the drive coupler of FIG . tion . 
86 with the drive head of the lancet completely loaded into Displacement velocity profiles for both spring driven and 
the T - slot of the drive coupler . cam driven tissue penetration devices are shown in FIGS . 1 

FIG . 88 is a perspective view of a sampling module belt 50 and 2 , respectively . Velocity is plotted against displacement 
disposed within the T - slot of the drive coupler with a drive X of the lancet . FIG . 1 represents a displacement / velocity 
head of a lancet of one of the sampling modules loaded profile typical of spring driven devices . The lancet exit 
within the T - slot of the drive coupler . velocity increases until the lancet hits the surface of the skin 

FIG . 89 is a perspective view of a sampling module 10 . Because of the tensile characteristics of the skin , it will 
cartridge with the sampling modules arranged in a ring 55 bend or deform until the lancet tip cuts the surface 20 , the 
configuration . lancet will then penetrate the skin until it reaches a full stop 

FIG . 90 is a perspective view of a sampling module 30 . At this point displacement is maximal and reaches a limit 
cartridge with the plurality of sampling modules arranged in of penetration and the lancet stops . Mechanical stops absorb 
a block matrix with lancet drive heads configured to mate excess energy from the driver and transfer it to the lancet . 
with a drive coupler having adhesive coupling . 60 The energy stored in the spring can cause recoil resulting in 

FIG . 91 is a side view of an alternative embodiment of a multiple piercing as seen by the coiled profile in FIG . 1 . This 
drive coupler having a lateral slot configured to accept the results in unnecessary pain from the additional tissue pen 
L - shaped drive head of the lancet that is disposed within a etration as well as from transferring vibratory energy into the 
lancet module and shown with the L - shaped drive head skin and exciting nerve endings . Retraction of the lancet 
loaded in the lateral slot . 65 then occurs and the lancet exits the skin 40 to return into the 

FIG . 92 is an exploded view of the drive coupler , lancet housing . Velocity cannot be controlled in any meaningful 
with L - shaped drive head and lancet module of FIG . 91 . way for this type of spring - powered driver . 
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FIG . 2 shows a displacement / velocity profile for a cam tromagnetic driver allows programmable control over the 
driven driver , which is similar to that of FIG . 1 , but because velocity vs . position profile of the entire lancing process 
the return path is specified in the cam configuration , there is including timing the start of the lancet , tracking the lancet 
no possibility of multiple tissue penetrations from one position , measuring the lancet velocity , controlling the distal 
actuation . Cam based drivers can offer some level of control 5 stop acceleration , and controlling the skin penetration depth . 
of lancet velocity vs . displacement , but not enough to Referring to FIG . 4 , an embodiment of a tissue penetra 
achieve many desirable displacement / velocity profiles . tion device is shown . The tissue penetration device includes 
Advantages are achieved by utilizing a controllable force a controllable force driver in the form of an electromagnetic 

driver to drive a lancet , such as a driver , powered by driver , which can be used to drive a lancet . The term Lancet , 
electromagnetic energy . A controllable driver can achieve a 10 as used herein , generally includes any sharp or blunt mem 
desired velocity versus position profile , such as that shown ber , preferably having a relatively low mass , used to punc 
in FIG . 3 . Embodiments of the present invention allow for ture the skin for the purpose of cutting blood vessels and 
the ability to accurately control depth of penetration , to allowing blood to flow to the surface of the skin . The term 
control lancet penetration and withdrawal velocity , and Electromagnetic driver , as used herein , generally includes 
therefore reduce the pain perceived when cutting into the 15 any device that moves or drives a tissue penetrating element , 
skin . Embodiments of the invention include a controllable such as a lancet under an electrically or magnetically 
driver that can be used with a feedback loop with a position induced force . FIG . 4 is a partially exploded view of an 
sensor to control the power delivered to the lancet , which embodiment of an electromagnetic driver . The top half of the 
can optimize the velocity and displacement profile to com driver is shown assembled . The bottom half of the driver is 
pensate for variations in skin thickness 20 shown exploded for illustrative purposes . 

Pain reduction can be achieved by using a rapid lancet FIG . 4 shows the inner insulating housing 22 separated 
cutting speed , which is facilitated by the use of a lightweight from the stationary housing or PC board 20 , and the lancet 
lancet . The rapid cutting minimizes the shock waves pro 24 and flag 26 assembly separated from the inner insulating 
duced when the lancet strikes the skin in addition to com - housing 22 for illustrative purposes . In addition , only four 
pressing the skin for efficient cutting . If a controllable driver 25 rivets 18 are shown as attached to the inner insulating 
is used , the need for a mechanical stop can be eliminated housing 22 and separated from the PC board 20 . In an 
Due to the very light mass of the lancet and lack of a embodiment , each coil drive field core in the PC board 
mechanical stop , there is little or no vibrational energy located in the PC Board 20 and 30 is connected to the inner 
transferred to the finger during cutting . insulating housing 22 and 32 with rivets . 

The lancing devices such as those whose velocity versus 30 The electromagnetic driver has a moving part comprising 
position profiles are shown in FIGS . 1 and 2 typically yield a lancet assembly with a lancet 24 and a magnetically 
50 % spontaneous blood . In addition , some lancing events permeable flag 26 attached at the proximal or drive end and 
are unsuccessful and yield no blood , even on milking the a stationary part comprising a stationary housing assembly 
finger . A spontaneous blood droplet generation is dependent with electric field coils arranged so that they produce a 
on reaching the blood capillaries and venuoles , which yield 35 balanced field at the flag to reduce or eliminate any net 
the blood sample . It is therefore an issue of correct depth of lateral force on the flag . The electric field coils are generally 
penetration of the cutting device . Due to variations in skin one or more metal coils , which generate a magnetic field 
thickness and hydration , some types of skin will deform when electric current passes through the coil . The iron flag 
more before cutting starts , and hence the actual depth of is a flat or enlarged piece of magnetic material , which 
penetration will be less , resulting in less capillaries and 40 increases the surface area of the lancet assembly to enhance 
venuoles cut . A controllable force driver can control the the magnetic forces generated between the proximal end of 
depth of penetration of a lancet and hence improve the the lancet and a magnetic field produced by the field coils . 
spontaneity of blood yield . Furthermore , the use of a con - The combined mass of the lancet and the iron flag can be 
trollable force driver can allow for slow retraction of the minimized to facilitate rapid acceleration for introduction 
lancet ( slower than the cutting velocity ) resulting in 45 into the skin of a patient , to reduce the impact when the 
improved success rate due to the would channel remaining lancet stops in the skin , and to facilitate prompt velocity 
open for the free passage of blood to the surface of the skin . profile changes throughout the sampling cycle . 

Spontaneous blood yield occurs when blood from the cut The stationary housing assembly consists of a PC board 
vessels flow up the wound tract to the surface of the skin , 20 , a lower inner insulating housing 22 , an upper inner 
where it can be collected and tested . Tissue elasticity param - 50 insulating housing 32 , an upper PC board 30 , and rivets 18 
eters may force the wound tract to close behind the retracting assembled into a single unit . The lower and upper inner 
lancet preventing the blood from reaching the surface . If insulating housing 22 and 32 are relieved to form a slot so 
however , the lancet were to be withdrawn slowly from the that lancet assembly can be slid into the driver assembly 
wound tract , thus keeping the wound open , blood could flow from the side perpendicular to the direction of the lancet ' s 
up the patent channel behind the tip of the lancet as it is 55 advancement and retraction . This allows the disposal of the 
being withdrawn ( ref . FIGS . 10 and 11 ) . Hence the ability to lancet assembly and reuse of the stationary housing assem 
control the lancet speed into and out of the wound allows the bly with another lancet assembly while avoiding accidental 
device to compensate for changes in skin thickness and lancet launches during replacement . 
variations in skin hydration and thereby achieves spontane The electric field coils in the upper and lower stationary 
ous blood yield with maximum success rate while minimiz - 60 housing 20 and 30 are fabricated in a multi - layer printed 
ing pain . circuit ( PC ) board . They may also be conventionally wound 
An electromagnetic driver can be coupled directly to the wire coils . A Teflon® material , or other low friction insu 

lancet minimizing the mass of the lancet and allowing the lating material is used to construct the lower and upper inner 
driver to bring the lancet to a stop at a predetermined depth insulating housing 22 and 32 . Each insulating housing is 
without the use of a mechanical stop . Alternatively , if a 65 mounted on the PC board to provide electrical insulation and 
mechanical stop is required for positive positioning , the physical protection , as well as to provide a low - friction 
energy transferred to the stop can be minimized . The elec - guide for the lancet . The lower and upper inner insulating 
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housing 22 and 32 provide a reference surface with a small hereby incorporated by reference . Other embodiments can 
gap so that the lancet assembly 24 and 26 can align with the include a linear induction drive that uses a changing mag 
drive field coils in the PC board for good magnetic coupling . netic field to induce electric currents in the lancet assembly . 

Rivets 18 connect the lower inner insulating housing 22 to These induced currents produce a secondary magnetic field 
the lower stationary housing 20 and are made of magneti - 5 that repels the primary field and applies a net force on the 
cally permeable material such as ferrite or steel , which lancet assembly . The linear induction drive uses an electrical 
serves to concentrate the magnetic field . This mirrors the drive control that sweeps a magnetic field from pole to pole , 
construction of the upper inner insulating housing 32 and propelling the lancet before it . Varying the rate of the sweep 
upper stationary housing 30 . These rivets form the poles of and the magnitude of the field by altering the driving voltage 
the electric field coils . The PC board is fabricated with 10 and frequency controls the force applied to the lancet 
multiple layers of coils or with multiple boards . Each layer 
supports spiral traces around a central hole . Alternate layers The arrangement of the coils and rivets to concentrate the 
spiral from the center outwards or from the edges inward . In magnetic flux also applies to the induction design creating a 
this way each layer connects via simple feed - through holes , growing magnetic field as the electric current in the field 
and the current always travels in the same direction , sum - 15 switches on . This growing magnetic field creates an oppos 
ming the ampere - turns . ing electric current in the conductive flag . In a linear 

The PC boards within the lower and upper stationary induction motor the flag is electrically conductive , and its 
housings 20 and 30 are connected to the lower and upper magnetic properties are unimportant . Copper or aluminum 
inner insulating housings 22 and 32 with the rivets 18 . The are materials that can be used for the conductive flags . 
lower and upper inner insulating housings 22 and 32 expose 20 Copper is generally used because of its good electrical 
the rivet heads on opposite ends of the slot where the lancet conductivity . The opposing electrical field produces an 
assembly 24 and 26 travels . The magnetic field lines from opposing magnetic field that repels the field of the coils . By 
each rivet create magnetic poles at the rivet heads . An iron phasing the power of the coils , a moving field can be 
bar on the opposite side of the PC board within each of the generated which pushes the flag along just below the syn 
lower and upper stationary housing 20 and 30 completes the 25 chronous speed of the coils . By controlling the rate of sweep , 
magnetic circuit by connecting the rivets . Any fastener made and by generating multiple sweeps , the flag can be moved at 
of magnetically permeable material such as iron or steel can a desired speed . 
be used In place of the rivets . A single component made of FIG . 5 shows another embodiment of a solenoid type 
magnetically permeable material and formed in a horseshoe electromagnetic driver that is capable of driving an iron core 
shape can be used in place of the rivet / screw and iron bar 30 or slug mounted to the lancet assembly using a direct current 
assembly . In operation , the magnetically permeable flag 26 ( DC ) power supply . The electromagnetic driver includes a 
attached to the lancet 24 is divided into slits and bars 34 . The driver coil pack that is divided into three separate coils along 
slit patterns are staggered so that coils can drive the flag 26 the path of the lancet , two end coils and a middle coil . Direct 
in two , three or more phases . current is alternated to the coils to advance and retract the 

Both lower and upper PC boards 20 and 30 contain drive 35 lancet . Although the driver coil pack is shown with three 
coils so that there is a symmetrical magnetic field above and coils , any suitable number of coils may be used , for 
below the flag 26 . When the pair of PC boards is turned on , example , 4 , 5 , 6 , 7 or more coils may be used . 
a magnetic field is established around the bars between the The stationary iron housing 40 contains the driver coil 
slits of the magnetically permeable iron on the flag 26 . The pack with a first coil 52 is flanked by iron spacers 50 which 
bars of the flag experience a force that tends to move the 40 concentrate the magnetic flux at the inner diameter creating 
magnetically permeable material to a position minimizing magnetic poles . The inner insulating housing 48 isolates the 
the number and length of magnetic field lines and conduct - lancet 42 and iron core 46 from the coils and provides a 
ing the magnetic field lines between the magnetic poles . smooth , low friction guide surface . The lancet guide 44 
When a bar of the flag 26 is centered between the rivets further centers the lancet 42 and iron core 46 . The lancet 42 

18 of a magnetic pole , there is no net force on the flag , and 45 is protracted and retracted by alternating the current between 
any disturbing force is resisted by imbalance in the field . the first coil 52 , the middle coil , and the third coil to attract 
This embodiment of the device operates on a principle the iron core 46 . Reversing the coil sequence and attracting 
similar to that of a solenoid . Solenoids cannot push by the core and lancet back into the housing retracts the lancet . 
repelling iron ; they can only pull by attracting the iron into The lancet guide 44 also serves as a stop for the iron core 46 
a minimum energy position . The slits 34 on one side of the 50 mounted to the lancet 42 . 
flag 26 are offset with respect to the other side by approxi - As discussed above , tissue penetration devices which 
mately one half of the pitch of the poles . By alternately employ spring or cam driving methods have a symmetrical 
activating the coils on each side of the PC board , the lancet or nearly symmetrical actuation displacement and velocity 
assembly can be moved with respect to the stationary profiles on the advancement and retraction of the lancet as 
housing assembly . The direction of travel is established by 55 shown in FIGS . 6 and 7 . In most of the available lancet 
selectively energizing the coils adjacent the metal flag on the devices , once the launch is initiated , the stored energy 
lancet assembly . Alternatively , a three phase , three - pole determines the velocity profile until the energy is dissipated . 
design or a shading coil that is offset by one - quarter pitch Controlling impact , retraction velocity , and dwell time of the 
establishes the direction of travel . The lower and upper PC lancet within the tissue can be useful in order to achieve a 
boards 20 and 30 shown in FIG . 4 contain electric field coils , 60 high success rate while accommodating variations in skin 
which drive the lancet assembly and the circuitry for con properties and minimize pain . Advantages can be achieved 
trolling the entire electromagnetic driver . by taking into account that tissue dwell time is related to the 

The embodiment described above generally uses the amount of skin deformation as the lancet tries to puncture 
principles of a magnetic attraction drive , similar to com - the surface of the skin and variance in skin deformation from 
monly available circular stepper motors ( Hurst Manufactur - 65 patient to patient based on skin hydration . 
ing BA Series motor , or “ Electrical Engineering Handbook ” The ability to control velocity and depth of penetration 
Second edition p 1472 - 1474 , 1997 ) . These references are can be achieved by use of a controllable force driver where 
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feedback is an integral part of driver control . Such drivers direction , and zero at mid - stroke . This measuring technique 
can control either metal or polymeric lancets or any other is commonly used in Linear Variable Differential Transform 
type of tissue penetration element . The dynamic control of ers ( LVDT ) . Lancet position is determined by measuring the 
such a driver is illustrated in FIG . 8 which illustrates an electrical balance between the two sensing coils . 
embodiment of a controlled displacement profile and FIG . 95 In another embodiment , a feedback loop can use a com 
which illustrates an embodiment of a the controlled velocity m ercially available LED / photo transducer module such as 
profile . These are compared to FIGS . 6 and 7 , which the OPB703 manufactured by Optek Technology , Inc . , 1215 
illustrate embodiments of displacement and velocity pro - W . Crosby Road , Carrollton , Tex . , 75006 to determine the 
files , respectively , of a harmonic spring / mass powered distance from the fixed module on the stationary housing to 
driver . 10 a reflective surface or target mounted on the lancet assembly . 

Reduced pain can be achieved by using impact velocities The LED acts as a light emitter to send light beams to the 
of greater than 2 m / s entry of a tissue penetrating element , reflective surface , which in turn reflects the light back to the 
such as a lancet , into tissue . photo transducer , which acts as a light sensor . Distances over 

Retraction of the lancet at a low velocity following the the range of 4 mm or so are determined by measuring the 
sectioning of the venuole / capillary mesh allows the blood to 15 intensity of the reflected light by the photo transducer . In 
flood the wound tract and flow freely to the surface , thus another embodiment , a feedback loop can use a magneti 
using the lancet to keep the channel open during retraction cally permeable region on the lancet shaft itself as the core 
as shown in FIGS . 10 and 11 . Low - velocity retraction of the of a Linear Variable Differential Transformer ( LVDT ) . 
lancet near the wound flap prevents the wound flap from A permeable region created by selectively annealing a 
sealing off the channel . Thus , the ability to slow the lancet 20 portion of the lancet shaft , or by including a component in 
retraction directly contributes to increasing the success rate the lancet assembly , such as ferrite , with sufficient magnetic 
of obtaining blood . Increasing the sampling success rate to permeability to allow coupling between adjacent sensing 
near 100 % can be important to the combination of sampling coils . Coil size , number of windings , drive current , signal 
and acquisition into an integrated sampling module such as amplification , and air gap to the permeable region are 
an integrated glucose - sampling module , which incorporates 25 specified in the design process . In another embodiment , the 
a glucose test strip . feedback control supplies a piezoelectric driver , superim 

Referring again to FIG . 5 , the lancet and lancet driver are posing a high frequency oscillation on the basic displace 
configured so that feedback control is based on lancet ment profile . The piezoelectric driver provides improved 
displacement , velocity , or acceleration . The feedback con - cutting efficiency and reduces pain by allowing the lancet to 
trol information relating to the actual lancet path is returned 30 “ saw ” its way into the tissue or to destroy cells with 
to a processor such as that illustrated in FIG . 12 that cavitation energy generated by the high frequency of vibra 
regulates the energy to the driver , thereby precisely control - tion of the advancing edge of the lancet . The drive power to 
ling the lancet throughout its advancement and retraction . the piezoelectric driver is monitored for an impedance shift 
The driver may be driven by electric current , which includes as the device interacts with the target tissue . The resulting 
direct current and alternating current . 35 force measurement , coupled with the known mass of the 

In FIG . 5 , the electromagnetic driver shown is capable of lancet is used to determine lancet acceleration , velocity , and 
driving an iron core or slug mounted to the lancet assembly position . 
using a direct current ( DC ) power supply and is also capable FIG . 12 illustrates the operation of a feedback loop using 
of determining the position of the iron core by measuring a processor . The processor 60 stores profiles 62 in non 
magnetic coupling between the core and the coils . The coils 40 volatile memory . A user inputs information 64 about the 
can be used in pairs to draw the iron core into the driver coil desired circumstances or parameters for a lancing event . The 
pack . As one of the coils is switched on , the corresponding processor 60 selects a driver profile 62 from a set of 
induced current in the adjacent coil can be monitored . The alternative driver profiles that have been preprogrammed in 
strength of this induced current is related to the degree of the processor 60 based on typical or desired tissue penetra 
magnetic coupling provided by the iron core , and can be 45 tion device performance determined through testing at the 
used to infer the position of the core and hence , the relative factory or as programmed in by the operator . The processor 
position of the lancet . 60 may customize by either scaling or modifying the profile 

After a period of time , the drive voltage can be turned off , based on additional user input information 64 . Once the 
allowing the coils to relax , and then the cycle is repeated processor has chosen and customized the profile , the pro 
The degree of magnetic coupling between the coils is 50 cessor 60 is ready to modulate the power from the power 
converted electronically to a proportional DC voltage that is supply 66 to the lancet driver 68 through an amplifier 70 . 
supplied to an analog - to - digital converter . The digitized The processor 60 measures the location of the lancet 72 
position signal is then processed and compared to a desired using a position sensing mechanism 74 through an analog to 
“ nominal ” position by a central processing unit ( CPU ) . The digital converter 76 . Examples of position sensing mecha 
CPU to set the level and / or length of the next power pulse 55 nisms have been described in the embodiments above . The 
to the solenoid coils uses error between the actual and processor 60 calculates the movement of the lancet by 
nominal positions . comparing the actual profile of the lancet to the predeter 

In another embodiment , the driver coil pack has three mined profile . The processor 60 modulates the power to the 
coils consisting of a central driving coil flanked by balanced lancet driver 68 through a signal generator 78 , which con 
detection coils built into the driver assembly so that they 60 trols the amplifier 70 so that the actual profile of the lancet 
surround an actuation or magnetically active region with the does not exceed the predetermined profile by more than a 
region centered on the middle coil at mid - stroke . When a preset error limit . The error limit is the accuracy in the 
current pulse is applied to the central coil , voltages are control of the lancet . 
induced in the adjacent sense coils . If the sense coils are After the lancing event , the processor 60 can allow the 
connected together so that their induced voltages oppose 65 user to rank the results of the lancing event . The processor 
each other , the resulting signal will be positive for deflection 60 stores these results and constructs a database 80 for the 
from mid - stroke in one direction , negative in the other individual user . Using the database 80 , the processor 60 
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calculates the profile traits such as degree of painlessness , the lancet to always , or at least reliably , hit the capillary beds 
success rate , and blood volume for various profiles 62 which are a known distance underneath the surface of the 
depending on user input information 64 to optimize the skin . 
profile to the individual user for subsequent lancing cycles . The lancet retraction phase further comprises a primary 
These profile traits depend on the characteristic phases of 5 retraction phase E when the skin pushes the lancet out of the 
lancet advancement and retraction . The processor 60 uses wound tract , a secondary retraction phase F when the lancet 
these calculations to optimize profiles 62 for each user . In starts to become dislodged and pulls in the opposite direc 
addition to user input information 64 , an internal clock tion of the skin , and lancet exit phase G when the lancet 

becomes free of the skin . Primary retraction is the result of allows storage in the database 80 of information such as the 
time of day to generate a time stamp for the lancing event 10 exerting a decreasing force to pull the lancet out of the skin 

as the lancet pulls away from the finger . Secondary retrac and the time between lancing events to anticipate the user ' s tion is the result of exerting a force in the opposite direction diurnal needs . The database stores information and statistics to dislodge the lancet . Control is necessary to keep the for each user and each profile that particular user uses . wound tract open as blood flows up the wound tract . Blood 
In addition to varying the prones , me processor ou can be 15 volume is increased by using a uniform velocity to retract In addition to varying the profiles , the processor 60 can be 15 vol 

used to calculate the appropriate lancet diameter and geom - the lancet during the lancet retraction phase E - G regardless 
etry necessary to realize the blood volume required by the of the force required for the primary retraction phase E or 
user . For example , if the user requires a 1 - 5 micro liter secondary retraction phase F , either of which may vary from 
volume of blood , the processor selects a 200 micron diam - user to user depending on the properties of the user ' s skin . 
eter lancet to achieve these results . For each class of lancet , 20 FIG . 14 shows a standard industry lancet for glucose 
both diameter and lancet tip geometry , is stored in the testing which has a three - facet geometry . Taking a rod of 
processor to correspond with upper and lower limits of diameter 114 and grinding 8 degrees to the plane of the 
attainable blood volume based on the predetermined dis - primary axis to create the primary facet 110 produces the 
placement and velocity profiles . lancet 116 . The secondary facets 112 are then created by 

The lancing device is capable of prompting the user for 25 rotating the shaft of the needle 15 degrees , and then rolling 
information at the beginning and the end of the lancing event over 12 degrees to the plane of the primary facet . Other 
to more adequately suit the user . The goal is to either change possible geometry ' s require altering the lancet ' s production 
to a different profile or modify an existing profile . Once the parameters such as shaft diameter , angles , and translation 
profile is set , the force driving the lancet is varied during distance . 
advancement and retraction to follow the profile . The 30 FIG . 15 illustrates facet and tip geometry 120 and 122 , 
method of lancing using the lancing device comprises select diameter 124 , and depth 126 which are significant factors in 
ing a profile , lancing according to the selected profile , reducing pain , blood volume and success rate . It is known 
determining lancing profile traits for each characteristic that additional cutting by the lancet is achieved by increas 
phase of the lancing cycle , and optimizing profile traits for ing the shear percentage or ratio of the primary to secondary 
subsequent lancing events . 35 facets , which when combined with reducing the lancet ' s 

FIG . 13 shows an embodiment of the characteristic phases diameter reduces skin tear and penetration force and gives 
of lancet advancement and retraction on a graph of force the perception of less pain . Overall success rate of blood 
versus time illustrating the force exerted by the lancet driver yield , however , also depends on a variety of factors , includ 
on the lancet to achieve the desired displacement and ing the existence of facets , facet geometry , and skin 
velocity profile . The characteristic phases are the lancet 40 anatomy . 
introduction phase A - C where the lancet is longitudinally FIG . 16 shows another embodiment of displacement 
advanced into the skin , the lancet rest phase D where the versus time profile of a lancet for a controlled lancet 
lancet terminates its longitudinal movement reaching its retraction . FIG . 17 shows the velocity vs . time profile of the 
maximum depth and becoming relatively stationary , and the lancet for the controlled retraction of FIG . 16 . The lancet 
lancet retraction phase E - G where the lancet is longitudi - 45 driver controls lancet displacement and velocity at several 
nally retracted out of the skin . The duration of the lancet steps in the lancing cycle , including when the lancet cuts the 
retraction phase E - G is longer than the duration of the lancet blood vessels to allow blood to pool 130 , and as the lancet 
introduction phase A - C , which in turn is longer than the retracts , regulating the retraction rate to allow the blood to 
duration of the lancet rest phase D . flood the wound tract while keeping the wound flap from 

The introduction phase further comprises a lancet launch 50 sealing the channel 132 to permit blood to exit the wound . 
phase prior to A when the lancet is longitudinally moving In addition to slow retraction of a tissue - penetrating 
through air toward the skin , a tissue contact phase at the element in order to hold the wound open to allow blood to 
beginning of A when the distal end of the lancet makes initial escape to the skin surface , other methods are contemplated . 
contact with the skin , a tissue deformation phase A when the FIG . 18 shows the use of an embodiment of the invention , 
skin bends depending on its elastic properties which are 55 which includes a retractable coil on the lancet tip . A coiled 
related to hydration and thickness , a tissue lancing phase helix or tube 140 is attached externally to lancet 116 with the 
which comprises when the lancet hits the inflection point on freedom to slide such that when the lancet penetrates the 
the skin and begins to cut the skin B and the lancet continues skin 150 , the helix or tube 140 follows the trajectory of the 
cutting the skin C . The lancet rest phase D is the limit of the lancet 116 . The helix begins the lancing cycle coiled around 
penetration of the lancet into the skin . Pain is reduced by 60 the facets and shaft of the lancet 144 . As the lancet pen 
minimizing the duration of the lancet introduction phase etrates the skin , the helix braces the wound tract around the 
A - C so that there is a fast incision to a certain penetration lancet 146 . As the lancet retracts , the helix remains to brace 
depth regardless of the duration of the deformation phase A open the wound tract , keeping the wound tract from col 
and inflection point cutting B which will vary from user to lapsing and keeping the surface skin flap from closing 148 . 
user . Success rate is increased by measuring the exact depth 65 This allows blood 152 to pool and flow up the channel to the 
of penetration from inflection point B to the limit of pen - surface of the skin . The helix is then retracted as the lancet 
etration in the lancet rest phase D . This measurement allows pulls the helix to the point where the helix is decompressed 
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to the point where the diameter of the helix becomes less to about 50 mm , specifically , about 15 mm to about 20 mm . 
than the diameter of the wound tract and becomes dislodged The drive head 198 of the lancet 183 is an enlarged portion 
from the skin . having a transverse dimension greater than a transverse 

The tube or helix 140 is made of wire or metal of the type dimension of the lancet shaft 201 distal of the drive head 
commonly used in angioplasty stents such as stainless steel , 5 198 . This configuration allows the drive head 198 to be 
nickel titanium alloy or the like . Alternatively the tube or mechanically captured by the drive coupler 185 . The drive 
helix 140 or a ring can be made of a biodegradable material , head 198 may have a transverse dimension of about 0 . 5 to 
which braces the wound tract by becoming lodged in the about 2 mm . 
skin . Biodegradation is completed within seconds or min - A magnetic member 202 is secured to the elongate 
utes of insertion , allowing adequate time for blood to pool 10 coupler shaft 184 proximal of the drive coupler 185 on a 
and flow up the wound tract . Biodegradation is activated by distal portion 203 of the elongate coupler shaft 184 . The 
heat , moisture , or pH from the skin . magnetic member 202 is a substantially cylindrical piece of 

Alternatively , the wound could be held open by coating magnetic material having an axial lumen 204 extending the 
the lancet with a powder or other granular substance . The length of the magnetic member 202 . The magnetic member 
powder coats the wound tract and keeps it open when the 15 202 has an outer transverse dimension that allows the 
lancet is withdrawn . The powder or other granular substance magnetic member 202 to slide easily within an axial lumen 
can be a coarse bed of microspheres or capsules which hold 205 of a low friction , possibly lubricious , polymer guide 
the channel open while allowing blood to flow through the tube 205 ' disposed within the driver coil pack 188 . The 
porous interstices . magnetic member 202 may have an outer transverse dimen 

In another embodiment the wound can be held open using 20 sion of about 1 . 0 to about 5 . 0 mm , specifically , about 2 . 3 to 
a two - part needle , the outer part in the shape of a “ U ” and about 2 . 5 mm . The magnetic member 202 may have a length 
the inner part filling the “ U . ” After creating the wound the of about 3 . 0 to about 5 . 0 mm , specifically , about 4 . 7 to about 
inner needle is withdrawn leaving an open channel , rather 4 . 9 mm . The magnetic member 202 can be made from a 
like the plugs that are commonly used for withdrawing sap variety of magnetic materials including ferrous metals such 
from maple trees . 25 as ferrous steel , iron , ferrite , or the like . The magnetic 

FIG . 19 shows a further embodiment of a method and member 202 may be secured to the distal portion 203 of the 
device for facilitating blood flow utilizing an elastomer to elongate coupler shaft 184 by a variety of methods including 
coat the wound . This method uses an elastomer 154 , such as adhesive or epoxy bonding , welding , crimping or any other 
silicon rubber , to coat or brace the wound tract 156 by suitable method . 
covering and stretching the surface of the finger 158 . The 30 Proximal of the magnetic member 202 , an optical encoder 
elastomer 154 is applied to the finger 158 prior to lancing . flag 206 is secured to the elongate coupler shaft 184 . The 
After a short delay , the lancet ( not shown ) then penetrates optical encoder flag 206 is configured to move within a slot 
the elastomer 154 and the skin on the surface of the finger 207 in the position sensor 191 . The slot 207 of the position 
158 as is seen in 160 . Blood is allowed to pool and rise to sensor 191 is formed between a first body portion 208 and 
the surface while the elastomer 154 braces the wound tract 35 a second body portion 209 of the position sensor 191 . The 
156 as is seen in 162 and 164 . Other known mechanisms for slot 207 may have separation width of about 1 . 5 to about 2 . 0 
increasing the success rate of blood yield after lancing can mm . The optical encoder flag 206 can have a length of about 
include creating a vacuum , suctioning the wound , applying 14 to about 18 mm , a width of about 3 to about 5 mm and 
an adhesive strip , vibration while cutting , or initiating a a thickness of about 0 . 04 to about 0 . 06 mm . 
second lance if the first is unsuccessful . 40 The optical encoder flag 206 interacts with various optical 

FIG . 20 illustrates an embodiment of a tissue penetration beams generated by LEDs disposed on or in the position 
device , more specifically , a lancing device 180 that includes sensor body portions 208 and 209 in a predetermined 
a controllable driver 179 coupled to a tissue penetration manner . The interaction of the optical beams generated by 
element . The lancing device 180 has a proximal end 181 and the LEDs of the position sensor 191 generates a signal that 
a distal end 182 . At the distal end 182 is the tissue penetra - 45 indicates the longitudinal position of the optical flag 206 
tion element in the form of a lancet 183 , which is coupled relative to the position sensor 191 with a substantially high 
to an elongate coupler shaft 184 by a drive coupler 185 . The degree of resolution . The resolution of the position sensor 
elongate coupler shaft 184 has a proximal end 186 and a 191 may be about 200 to about 400 cycles per inch , 
distal end 187 . A driver coil pack 188 is disposed about the specifically , about 350 to about 370 cycles per inch . The 
elongate coupler shaft 184 proximal of the lancet 183 . A 50 position sensor 191 may have a speed response time ( posi 
position sensor 191 is disposed about a proximal portion 192 tion / time resolution ) of 0 to about 120 , 000 Hz , where one 
of the elongate coupler shaft 184 and an electrical conductor dark and light stripe of the flag constitutes one Hertz , or 
194 electrically couples a processor 193 to the position cycle per second . The position of the optical encoder flag 
sensor 191 . The elongate coupler shaft 184 driven by the 206 relative to the magnetic member 202 , driver coil pack 
driver coil pack 188 controlled by the position sensor 191 55 188 and position sensor 191 is such that the optical encoder 
and processor 193 form the controllable driver , specifically , 191 can provide precise positional information about the 
a controllable electromagnetic driver . lancet 183 over the entire length of the lancet ' s power 

Referring to FIG . 21 , the lancing device 180 can be seen stroke . 
in more detail , in partial longitudinal section . The lancet 183 An optical encoder that is suitable for the position sensor 
has a proximal end 195 and a distal end 196 with a sharpened 60 191 is a linear optical incremental encoder , model HEDS 
point at the distal end 196 of the lancet 183 and a drive head 9200 , manufactured by Agilent Technologies . The model 
198 disposed at the proximal end 195 of the lancet 183 . A HEDS 9200 may have a length of about 20 to about 30 mm , 
lancet shaft 201 is disposed between the drive head 198 and a width of about 8 to about 12 mm , and a height of about 9 
the sharpened point 197 . The lancet shaft 201 may be to about 11 mm . Although the position sensor 191 illustrated 
comprised of stainless steel , or any other suitable material or 65 is a linear optical incremental encoder , other suitable posi 
alloy and have a transverse dimension of about 0 . 1 to about tion sensor embodiments could be used , provided they 
0 . 4 mm . The lancet shaft may have a length of about 3 mm posses the requisite positional resolution and time response . 
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The HEDS 9200 is a two channel device where the channels magnets , which produce a magnetic field similar to that of 
are 90 degrees out of phase with each other . This results in the coils when the coils are activated . In particular , it may be 
a resolution of four times the basic cycle of the flag . These desirable in some embodiments to replace the second coil 
quadrature outputs make it possible for the processor to 215 , the third coil 216 or both with permanent magnets . In 
determine the direction of lancet travel . Other suitable 5 addition , it may be advantageous to position a permanent 
position sensors include capacitive encoders , analog reflec - magnet at or near the proximal end of the coil driver pack in 
tive sensors , such as the reflective position sensor discussed order to provide fixed magnet zeroing function for the 
above , and the like . magnetic member ( Adams magnetic Products 23A0002 

A coupler shaft guide 211 is disposed towards the proxi - flexible magnet material ( 800 ) 747 - 7543 ) . 
mal end 181 of the lancing device 180 . The guide 211 has a 10 FIGS . 20 and 21 show a permanent bar magnet 219 
guide lumen 212 disposed in the guide 211 to slidingly disposed on the proximal end of the driver coil pack 188 . As 
accept the proximal portion 192 of the elongate coupler shaft shown in FIG . 21 , the bar magnet 219 is arranged so as to 
184 . The guide 211 keeps the elongate coupler shaft 184 have one end disposed adjacent the travel path of the 
centered horizontally and vertically in the slot 202 of the magnetic member 202 and has a polarity configured so as to 
optical encoder 191 . 15 attract the magnetic member 202 in a centered position with 

The driver coil pack 188 , position sensor 191 and coupler respect to the bar magnet 219 . Note that the polymer guide 
shaft guide 211 are all secured to a base 213 . The base 213 tube 205 ' can be configured to extend proximally to insulate 
is longitudinally coextensive with the driver coil pack 188 , the inward radial surface of the bar magnet 219 from an 
position sensor 191 and coupler shaft guide 211 . The base outer surface of the magnetic member 202 . This arrange 
213 can take the form of a rectangular piece of metal or 20 ment allows the magnetic member 219 and thus the elongate 
polymer , or may be a more elaborate housing with recesses , coupler shaft 184 to be attracted to and held in a zero point 
which are configured to accept the various components of or rest position without the consumption of electrical energy 
the lancing device 180 . from the power supply 225 . 
As discussed above , the magnetic member 202 is config - Having a fixed zero or start point for the elongate coupler 

ured to slide within an axial lumen 205 of the driver coil 25 shaft 184 and lancet 183 can be critical to properly control 
pack 188 . The driver coil pack 188 includes a most distal ling the depth of penetration of the lancet 183 as well as 
first coil 214 , a second coil 215 , which is axially disposed other lancing parameters . This can be because some methods 
between the first coil 214 and a third coil 216 , and a of depth penetration control for a controllable driver mea 
proximal - most fourth coil 217 . Each of the first coil 214 , sure the acceleration and displacement of the elongate 
second coil 215 , third coil 216 and fourth coil 217 has an 30 coupler shaft 184 and lancet 183 from a known start posi 
axial lumen . The axial lumens of the first through fourth tion . If the distance of the lancet tip 196 from the target 
coils are configured to be coaxial with the axial lumens of tissue is known , acceleration and displacement of the lancet 
the other coils and together form the axial lumen 205 of the is known and the start position of the lancet is know , the time 
driver coil pack 188 as a whole . Axially adjacent each of the and position of tissue contact and depth of penetration can 
coils 214 - 217 is a magnetic disk or washer 218 that aug - 35 be determined by the processor 193 . 
ments completion of the magnetic circuit of the coils 214 . Any number of configurations for a magnetic bar 219 can 
217 during a lancing cycle of the device 180 . The magnetic be used for the purposes discussed above . In particular , a 
washers 218 of the embodiment of FIG . 21 are made of second permanent bar magnet ( not shown ) could be added to 
ferrous steel but could be made of any other suitable the proximal end of the driver coil pack 188 with the 
magnetic material , such as iron or ferrite . The outer shell 189 40 magnetic fields of the two bar magnets configured to 
of the driver coil pack 188 is also made of iron or steel to complement each other . In addition , a disc magnet 219 
complete the magnetic path around the coils and between the could be used as illustrated in FIG . 22 . Disc magnet 219 ' is 
washers 218 . The magnetic washers 218 have an outer shown disposed at the proximal end of the driver coiled pack 
diameter commensurate with an outer diameter of the driver 188 with a polymer non - magnetic disc 219 " disposed 
coil pack 188 of about 4 . 0 to about 8 . 0 mm . The magnetic 45 between the proximal - most coil 217 and disc magnet 219 
washers 218 have an axial thickness of about 0 . 05 , to about and positions disc magnet 219 ' away from the proximal end 
0 . 4 mm , specifically , about 0 . 15 to about 0 . 25 mm . of the proximal - most coil 217 . The polymer non - magnetic 

Wrapping or winding an elongate electrical conductor 221 disc spacer 219 " is used so that the magnetic member 202 
about an axial lumen until a sufficient number of windings can be centered in a zero or start position slightly proximal 
have been achieved forms the coils 214 - 217 . The elongate 50 of the proximal - most coil 217 of the driver coil pack 188 . 
electrical conductor 221 is generally an insulated solid This allows the magnetic member to be attracted by the 
copper wire with a small outer transverse dimension of proximal - most coil 217 at the initiation of the lancing cycle 
about 0 . 06 mm to about 0 . 88 mm , specifically , about 0 . 3 mm instead of being passive in the forward drive portion of the 
to about 0 . 5 mm . In one embodiment , 32 gauge copper wire lancing cycle . 
is used for the coils 214 - 217 . The number of windings for 55 An inner lumen of the polymer non - magnetic disc 219 " 
each of the coils 214 - 217 of the driver pack 188 may vary can be configured to allow the magnetic member 202 to pass 
with the size of the coil , but for some embodiments each coil axially there through while an inner lumen of the disc 
214 - 217 may have about 30 to about 80 turns , specifically , magnet 219 ' can be configured to allow the elongate coupler 
about 50 to about 60 turns . Each coil 214 - 217 can have an shaft 184 to pass through but not large enough for the 
axial length of about 1 . 0 to about 3 . 0 mm , specifically , about 60 magnetic member 202 to pass through . This results in the 
1 . 8 to about 2 . 0 mm . Each coil 214 - 217 can have an outer magnetic member 202 being attracted to the disc magnet 
transverse dimension or diameter of about 4 . 0 , to about 2 . 0 219 ' and coming to rest with the proximal surface of the 
mm , specifically , about 9 . 0 to about 12 . 0 mm . The axial magnetic member 202 against a distal surface of the disc 
lumen 205 can have a transverse dimension of about 1 . 0 to magnet 219 ' . This arrangement provides for a positive and 
about 3 . 0 mm . 65 repeatable stop for the magnetic member , and hence the 

It may be advantageous in some driver coil 188 embodi - lancet . A similar configuration could also be used for the bar 
ments to replace one or more of the coils with permanent magnet 219 discussed above . 
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Typically , when the electrical current in the coils 214 - 217 lumen 212 of the coupler shaft guide 211 may be lined with 
of the driver coil pack 188 is off , a magnetic member 202 a low friction material such as Teflon® or the like to reduce 
made of soft iron is attracted to the bar magnet 219 or disc friction of the elongate coupler shaft 184 during the power 
magnet 219 ' . The magnetic field of the driver coil pack 188 stroke of the lancing device 180 . 
and the bar magnet 219 or disc magnet 219 ' , or any other 5 Referring to FIGS . 29A - 29C , a flow diagram is shown 
suitable magnet , can be configured such that when the that describes the operations performed by the processor 193 
electrical current in the coils 214 - 217 is turned on , the in controlling the lancet 183 of the lancing device 180 
leakage magnetic field from the coils 214 - 217 has the same discussed above during an operating cycle . FIGS . 30 - 36 
polarity as the bar magnet 219 or disc magnet 219 ' . This illustrate the interaction of the lancet 183 and skin 233 of the 
results in a magnetic force that repels the magnetic member 10 patient ' s finger 234 during an operation cycle of the lancet 
202 from the bar magnet 219 or disc magnet 219 ' and attracts device 183 . The processor 193 operates under control of 
the magnetic member 202 to the activated coils 214 - 217 . For programming steps that are stored in an associated memory . 
this configuration , the bar magnet 219 or disc magnet thus When the programming steps are executed , the processor 
act to facilitate acceleration of the magnetic member 202 as 193 performs operations as described herein . Thus , the 
opposed to working against the acceleration . 15 programming steps implement the functionality of the 

Electrical conductors 222 couple the driver coil pack 188 operations described with respect to the flow diagram of 
with the processor 193 which can be configured or pro FIG . 29 . The processor 193 can receive the programming 
grammed to control the current flow in the coils 214 - 217 of steps from a program product stored in recordable media , 
the driver coil pack 188 based on position feedback from the including a direct access program product storage device 
position sensor 191 , which is coupled to the processor 193 20 such as a hard drive or flash ROM , a removable program 
by electrical conductors 194 . A power source 225 is elec - product storage device such as a floppy disk , or in any other 
trically coupled to the processor 193 and provides electrical manner known to those of skill in the art . The processor 193 
power to operate the processor 193 and power the coil driver can also download the programming steps through a net 
pack 188 . The power source 225 may be one or more work connection or serial connection . 
batteries that provide direct current power to the 193 pro - 25 In the first operation , represented by the flow diagram box 
cessor . numbered 245 in FIG . 29A , the processor 193 initializes 

FIG . 23 shows a transverse cross sectional view of drive values that it stores in memory relating to control of the 
coupler 185 in more detail . The drive head 198 of the lancet lancet , such as variables that it uses to keep track of the 
183 is disposed within the drive coupler 185 with a first controllable driver 179 during movement . For example , the 
retaining rail 226 and second retaining rail 227 capturing the 30 processor may set a clock value to zero and a lancet position 
drive head 198 while allowing the drive head 198 to be value to zero or to some other initial value . The processor 
inserted laterally into the drive coupler 185 and retracted 193 may also cause power to be removed from the coil pack 
laterally with minimal mechanical resistance . The drive 188 for a period of time , such as for about 10 ms , to allow 
coupler 185 may optionally be configured to include snap any residual flux to dissipate from the coils . 
ridges 228 which allow the drive head 198 to be laterally 35 In the initialization operation , the processor 193 also 
inserted and retracted , but keep the drive head 198 from causes the lancet to assume an initial stationary position . 
falling out of the drive coupler 185 unless a predetermined When in the initial stationary position , the lancet 183 is 
amount of externally applied lateral force is applied to the typically fully retracted such that the magnetic member 202 
drive head 198 of the lancet 183 towards the lateral opening is positioned substantially adjacent the fourth coil 217 of the 
231 of the drive coupler 185 . FIG . 27 shows an enlarged side 40 driver coil pack 188 , shown in FIG . 21 above . The processor 
view into the coupler opening 231 of the drive coupler 185 1 93 can move the lancet 183 to the initial stationary position 
showing the snap ridges 228 disposed in the lateral opening by pulsing an electrical current to the fourth coil 217 to 
231 and the retaining rails 226 and 227 . FIG . 28 shows an thereby attract the magnetic member 202 on the lancet 183 
enlarged front view of the drive coupler 185 . The drive to the fourth coil 217 . Alternatively , the magnetic member 
coupler 185 can be made from an alloy such as stainless 45 can be positioned in the initial stationary position by virtue 
steel , titanium or aluminum , but may also be made from a of a permanent magnet , such as bar magnet 219 , disc magnet 
suitable polymer such as ABS , PVC , polycarbonate plastic 219 ' or any other suitable magnet as discussed above with 
or the like . The drive coupler may be open on both sides regard to the tissue penetration device illustrated in FIGS . 20 
allowing the drive head and lancet to pass through . and 21 . 

Referring to FIG . 24 , the magnetic member 202 is dis - 50 In the next operation , represented by the flow diagram box 
posed about and secured to the elongate coupler shaft 184 . numbered 247 , the processor 193 energizes one or more of 
The magnetic member 202 is disposed within the axial the coils in the coil pack 188 . This should cause the lancet 
lumen 232 of the fourth coil 217 . The driver coil pack 188 183 to begin to move ( i . e . , achieve a non - zero speed ) toward 
is secured to the base 213 . In FIG . 25 the position sensor 191 the skin target 233 . The processor 193 then determines 
is secured to the base 213 with the first body portion 208 of 55 whether or not the lancet is indeed moving , as represented 
the position sensor 191 disposed opposite the second body by the decision box numbered 249 . The processor 193 can 
portion 209 of the position sensor 191 with the first and determine whether the lancet 183 is moving by monitoring 
second body portions 208 and 209 of the position sensor 191 the position of the lancet 183 to determine whether the 
separated by the gap or slot 207 . The elongate coupler shaft position changes over time . The processor 193 can monitor 
184 is slidably disposed within the gap 207 between the first 60 the position of the lancet 183 by keeping track of the 
and second body portions 208 and 209 of the position sensor position of the optical encoder flag 206 secured to the 
191 . The optical encoder flag 206 is secured to the elongate elongate coupler shaft 184 wherein the encoder 191 pro 
coupler shaft 184 and disposed between the first body duces a signal coupled to the processor 193 that indicates the 
portion 208 and second body portion 209 of the position spatial position of the lancet 183 . 
sensor 191 . Referring to FIG . 26 , the proximal portion 192 65 If the processor 193 determines ( via timeout without 
of the elongate coupler shaft 184 is disposed within the motion events ) that the lancet 183 is not moving ( a “ No ” 
guide lumen 212 of the coupler shaft guide 211 . The guide result from the decision box 249 ) , then the process proceeds 
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to the operation represented by the flow diagram box num In one embodiment , the processor 193 determines that the 
bered 253 , where the processor deems that an error condition skin has been contacted when the end tip 196 of the lancet 
is present . This means that some error in the system is 183 has moved a predetermined distance with respect to its 
causing the lancet 183 not to move . The error may be initial position . If the distance from the tip 961 of the lancet 
mechanical , electrical , or software related . For example , the 5 183 to the target tissue 233 is known prior to initiation of 
lancet 183 may be stuck in the stationary position because lancet 183 movement , the initial position of the lancet 183 
something is impeding its movement . is fixed and known , and the movement and position of the 

If the processor 193 determines that the lancet 183 is lancet 183 can be accurately measured during a lancing 
indeed moving ( a “ Yes ” result from the decision box num cycle , then the position and time of lancet contact can be 
bered 249 ) , then the process proceeds to the operation 10 determined . 

This method requires an accurate measurement of the represented by the flow diagram box numbered 257 . In this distance between the lancet tip 196 and the patient ' s skin operation , the processor 193 causes the lancet 183 to con 233 when the lancet 183 is in the zero time or initial position . tinue to accelerate and launch toward the skin target 233 , as This can be accomplished in a number of ways . One way is 
indicated by the arrow 235 in FIG . 30 . The processor 193 15 to control all of the mechanical parameters that influence the can achieve acceleration of the lancet 183 by sending an distance from the lancet tip 196 to the patient ' s tissue or a 
electrical current to an appropriate coil 214 - 217 such that the surface of the lancing device 180 that will contact the 
coil 214 - 217 exerts an attractive magnetic launching force patient ' s skin 233 . This could include the start position of the 
on the magnetic member 202 and causes the magnetic magnetic member 202 , magnetic path tolerance , magnetic 
member 202 and the lancet 183 coupled thereto to move in 20 member 202 dimensions , driver coil pack 188 location 
a desired direction . For example , the processor 193 can within the lancing device 180 as a whole , length of the 
cause an electrical current to be sent to the third coil 216 so elongate coupling shaft 184 , placement of the magnetic 
that the third coil 216 attracts the magnetic member 202 and member 202 on the elongate coupling shaft 184 , length of 
causes the magnetic member 202 to move from a position the lancet 183 etc . 
adjacent the fourth coil 217 toward the third coil 216 . The 25 If all these parameters , as well as others can be suitably 
processor preferably determines which coil 214 - 217 should controlled in manufacturing with a tolerance stack - up that is 
be used to attract the magnetic member 202 based on the acceptable , then the distance from the lancet tip 196 to the 
position of the magnetic member 202 relative to the coils target tissue 233 can be determined at the time of manufac 
214 - 217 . In this manner , the processor 193 provides a ture of the lancing device 180 . The distance could then be 
controlled force to the lancet that controls the movement of 30 programmed into the memory of the processor 193 . If an 
the lancet . adjustable feature is added to the lancing device 180 , such 

During this operation , the processor 193 periodically or as an adjustable length elongate coupling shaft 184 , this can 
continually monitors the position and / or velocity of the accommodate variations in all of the parameters noted 
lancet 183 . In keeping track of the velocity and position of above , except length of the lancet 183 . An electronic alter 
the lancet 183 as the lancet 183 moves towards the patient ' s 35 native to this mechanical approach would be to calibrate a 
skin 233 or other tissue , the processor 193 also monitors and stored memory contact point into the memory of the pro 
adjusts the electrical current to the coils 214 - 217 . In some cessor 193 during manufacture based on the mechanical 
embodiments , the processor 193 applies current to an appro - parameters described above . 
priate coil 214 - 217 such that the lancet 183 continues to In another embodiment , moving the lancet tip 196 to the 
move according to a desired direction and acceleration . In 40 target tissue 233 very slowly and gently touching the skin 
the instant case , the processor 193 applies current to the 233 prior to actuation can accomplish the distance from the 
appropriate coil 214 - 217 that will cause the lancet 183 to lancet tip 196 to the tissue 233 . The position sensor can 
continue to move in the direction of the patient ' s skin 233 or accurately measure the distance from the initialization point 
other tissue to be penetrated . to the point of contact , where the resistance to advancement 

The processor 193 may successively transition the current 45 of the lancet 183 stops the lancet movement . The lancet 183 
between coils 214 - 217 so that as the magnetic member 202 is then retracted to the initialization point having measured 
moves past a particular coil 214 - 217 , the processor 193 then the distance to the target tissue 233 without creating any 
shuts off current to that coil 214 - 217 and then applies current discomfort to the user . 
to another coil 214 - 217 that will attract the magnetic mem - In another embodiment , the processor 193 may use soft 
ber 202 and cause the magnetic member 202 to continue to 50 ware to determine whether the lancet 183 has made contact 
move in the desired direction . In transitioning current with the patient ' s skin 233 by measuring for a sudden 
between the coils 214 - 217 , the processor 193 can take into reduction in velocity of the lancet 183 due to friction or 
account various factors , including the speed of the lancet resistance imposed on the lancet 183 by the patient ' s skin 
183 , the position of the lancet 183 relative to the coils 233 . The optical encoder 191 measures displacement of the 
214 - 217 , the number of coils 214 - 217 , and the level of 55 lancet 183 . The position output data provides input to the 
current to be applied to the coils 214 - 217 to achieve a interrupt input of the processor 193 . The processor 193 also 
desired speed or acceleration . has a timer capable of measuring the time between inter 

In the next operation , the processor 193 determines rupts . The distance between interrupts is known for the 
whether the cutting or distal end tip 196 of the lancet 183 has optical encoder 191 , so the velocity of the lancet 183 can be 
contacted the patient ' s skin 233 , as shown in FIG . 31 and as 60 calculated by dividing the distance between interrupts by the 
represented by the decision box numbered 265 in FIG . 29B . time between the interrupts . 
The processor 193 may determine whether the lancet 183 This method requires that velocity losses to the lancet 183 
has made contact with the target tissue 233 by a variety of and elongate coupler 184 assembly due to friction are known 
methods , including some that rely on parameters which are to an acceptable level so that these velocity losses and 
measured prior to initiation of a lancing cycle and other 65 resulting deceleration can be accounted for when establish 
methods that are adaptable to use during a lancing cycle ing a deceleration threshold above which contact between 
without any predetermined parameters . lancet tip 196 and target tissue 233 will be presumed . This 
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same concept can be implemented in many ways . For The processor 193 can also proceed to the withdraw phase 
example , rather than monitoring the velocity of the lancet if it is determined that the lancet 183 has fully extended to 
183 , if the processor 193 is controlling the lancet driver in the end of the power stroke of the operation cycle of lancing 
order to maintain a fixed velocity , the power to the driver procedure . In other words , the process may proceed to 
188 could be monitored . If an amount of power above a 5 withdraw phase when an axial center 241 of the magnetic 
predetermined threshold is required in order to maintain a member 202 has moved distal of an axial center 242 of the 
constant velocity , then contact between the tip of the lancet first coil 214 as show in FIG . 21 . In this situation , any 
196 and the skin 233 could be presumed . continued power to any of the coils 214 - 217 of the driver 

In yet another embodiment , the processor 193 determines coil pack 188 serves to decelerate the magnetic member 202 
skin 233 contact by the lancet 183 by detection of an 10 and thus the lancet 183 . In this regard , the processor 193 

considers the length of the lancet 183 ( which can be stored acoustic signal produced by the tip 196 of the lancet 183 as in memory ) the position of the lancet 183 relative to the it strikes the patient ' s skin 233 . Detection of the acoustic magnetic member 202 , as well as the distance that the lancet signal can be measured by an acoustic detector 236 placed 183 has traveled . in contact with the patient ' s skin 233 adjacent a lancet 15 With reference again to the decision box 265 in FIG . 29B , 
penetration site 237 , as shown in FIG . 31 . Suitable acoustic if the processor 193 determines that the lancet 183 has 
detectors 236 include piezo electric transducers , micro contacted the skin 233 ( a “ Yes ” outcome from the decision 
phones and the like . The acoustic detector 236 transmits an box 265 ) , then the processor 193 can adjust the speed of the 
electrical signal generated by the acoustic signal to the lancet 183 or the power delivered to the lancet 183 for skin 
processor 193 via electrical conductors 238 . In another 20 penetration to overcome any frictional forces on the lancet 
embodiment , contact of the lancet 183 with the patient ' s skin 183 in order to maintain a desired penetration velocity of the 
233 can be determined by measurement of electrical conti - lancet . The flow diagram box numbered 267 represents this . 
nuity in a circuit that includes the lancet 183 , the patient ' s As the velocity of the lancet 183 is maintained after 
finger 234 and an electrical contact pad 240 that is disposed contact with the skin 233 , the distal tip 196 of the lancet 183 
on the patient ' s skin 233 adjacent the contact site 237 of the 25 will first begin to depress or tent the contacted skin 237 and 
lancet 183 , as shown in FIG . 31 . In this embodiment , as soon the skin 233 adjacent the lancet 183 to form a tented portion 
as the lancet 183 contacts the patient ' s skin 233 , the circuit 243 as shown in FIG . 32 and further shown in FIG . 33 . As 
239 is completed and current flows through the circuit 239 . the lancet 183 continues to move in a distal direction or be 
Completion of the circuit 239 can then be detected by the driven in a distal direction against the patient ' s skin 233 , the 
processor 193 to confirm skin 233 contact by the lancet 183 . 30 lancet 183 will eventually begin to penetrate the skin 233 , as 

If the lancet 183 has not contacted the target skin 233 , shown in FIG . 34 . Once penetration of the skin 233 begins , 
then the process proceeds to a timeout operation , as repre - the static force at the distal tip 196 of the lancet 183 from the 
sented by the decision box numbered 267 in FIG . 29B . In the skin 233 will become a dynamic cutting force , which is 
timeout operation , the processor 193 waits a predetermined generally less than the static tip force . As a result in the 
time period . If the timeout period has not yet elapsed ( a “ No ” 35 reduction of force on the distal tip 196 of the lancet 183 upon 
outcome from the decision box 267 ) , then the processor initiation of cutting , the tented portion 243 of the skin 233 
continues to monitor whether the lancet has contacted the adjacent the distal tip 196 of the lancet 183 which had been 
target skin 233 . The processor 193 preferably continues to depressed as shown in FIGS . 32 and 24 will spring back as 
monitor the position and speed of the lancet 183 , as well as shown in FIG . 34 . 
the electrical current to the appropriate coil 214 - 217 to 40 In the next operation , represented by the decision box 
maintain the desired lancet 183 movement . numbered 271 in FIG . 29B , the processor 193 determines 

If the timeout period elapses without the lancet 183 whether the distal end 196 of the lancet 183 has reached a 
contacting the skin ( a “ Yes ” output from the decision box brake depth . The brake depth is the skin penetration depth 
267 ) , then it is deemed that the lancet 183 will not contact for which the processor 193 determines that deceleration of 
the skin and the process proceeds to a withdraw phase , 45 the lancet 183 is to be initiated in order to achieve a desired 
where the lancet is withdrawn away from the skin 233 , as final penetration depth 244 of the lancet 183 as show in FIG . 
discussed more fully below . The lancet 183 may not have 35 . The brake depth may be pre - determined and pro 
contacted the target skin 233 for a variety of reasons , such grammed into the processor ' s memory , or the processor 193 
as if the patient removed the skin 233 from the lancing may dynamically determine the brake depth during the 
device or if something obstructed the lancet 183 prior to it 50 actuation . The amount of penetration of the lancet 183 in the 
contacting the skin . skin 233 of the patient may be measured during the opera 

The processor 193 may also proceed to the withdraw tion cycle of the lancet device 180 . In addition , as discussed 
phase prior to skin contact for other reasons . For example , above , the penetration depth necessary for successfully 
at some point after initiation of movement of the lancet 183 , obtaining a useable sample can depend on the amount of 
the processor 193 may determine that the forward accelera - 55 tenting of the skin 233 during the lancing cycle . The amount 
tion of the lancet 183 towards the patient ' s skin 233 should of tenting of the patient ' s skin 233 can in turn depend on the 
be stopped or that current to all coils 214 - 217 should be shut tissue characteristics of the patient such as elasticity , hydra 
down . This can occur , for example , if it is determined that tion etc . A method for determining these characteristics is 
the lancet 183 has achieved sufficient forward velocity , but discussed below with regard to skin 233 tenting measure 
has not yet contacted the skin 233 . In one embodiment , the 60 ments during the lancing cycle and illustrated in FIGS . 
average penetration velocity of the lancet 183 from the point 37 - 41 . 
of contact with the skin to the point of maximum penetration Penetration measurement can be carried out by a variety 
may be about 2 . 0 to about 10 . 0 m / s , specifically , about 3 . 8 of methods that are not dependent on measurement of 
to about 4 . 2 m / s . In another embodiment , the average tenting of the patient ' s skin . In one embodiment , the pen 
penetration velocity of the lancet may be from about 2 to 65 etration depth of the lancet 183 in the patient ' s skin 233 is 
about 8 meters per second , specifically , about 2 to about 4 measured by monitoring the amount of capacitance between 
m / s . the lancet 183 and the patient ' s skin 233 . In this embodi 
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ment , a circuit includes the lancet 183 , the patient ' s finger It is at this stage of the lancing cycle that a software 
234 , the processor 193 and electrical conductors connecting method can be used to measure the amount of tenting of the 
these elements . As the lancet 183 penetrates the patient ' s patient ' s skin 233 and thus determine the skin 233 charac 
skin 233 , the greater the amount of penetration , the greater teristics such as elasticity , hydration and others . Referring to 
the surface contact area between the lancet 183 and the 5 FIGS . 37 - 41 , a lancet 183 is illustrated in various phases of 
patient ' s skin 233 . As the contact area increases , so does the a lancing cycle with target tissue 233 . FIG . 37 shows tip 196 
capacitance between the skin 233 and the lancet 183 . The of lancet 183 making initial contact with the skin 233 at the 
increased capacitance can be easily measured by the pro - point of initial impact . 
cessor 193 using methods known in the art and penetration FIG . 38 illustrates an enlarged view of the lancet 183 
depth can then be correlated to the amount of capacitance . 10 making initial contact with the tissue 233 shown in FIG . 37 . 
The same method can be used by measuring the electrical In FIG . 39 , the lancet tip 196 has depressed or tented the skin 
resistance between the lancet 183 and the patient ' s skin . 233 prior to penetration over a distance of X , as indicated by 

If the brake depth has not yet been reached , then a “ No ” the arrow labeled X in FIG . 39 . In FIG . 40 , the lancet 183 
results from the decision box 271 and the process proceeds has reached the full length of the cutting power stroke and 
to the timeout operation represented by the flow diagram 15 is at maximum displacement . In this position , the lancet tip 
box numbered 273 . In the timeout operation , the processor 196 has penetrated the tissue 233 a distance of Y , as 
193 waits a predetermined time period . If the timeout period indicated by the arrow labeled Y in FIG . 39 . As can be seen 
has not yet elapsed ( a “ No ” outcome from the decision box from comparing FIG . 38 with FIG . 40 , the lancet tip 196 was 
273 ) , then the processor continues to monitor whether the displaced a total distance of X plus Y from the time initial 
brake depth has been reached . If the timeout period elapses 20 contact with the skin 233 was made to the time the lancet tip 
without the lancet 183 achieving the brake depth ( a “ Yes ” 196 reached its maximum extension as shown in FIG . 40 . 
output from the decision box 273 ) , then the processor 193 However , the lancet tip 196 has only penetrated the skin 233 
deems that the lancet 183 will not reach the brake depth and a distance Y because of the tenting phenomenon . 
the process proceeds to the withdraw phase , which is dis At the end of the power stroke of the lancet 183 , as 
cussed more fully below . This may occur , for example , if the 25 discussed above with regard to FIG . 26 and box 279 of FIG . 
lancet 183 is stuck at a certain depth . 29C , the processor 193 allows the lancet to settle for about 

With reference again to the decision box numbered 271 in 8 msec . It is during this settling time that the skin 233 
FIG . 29B , if the lancet does reach the brake depth ( a “ Yes ” rebounds or relaxes back to approximately its original 
result ) , then the process proceeds to the operation repre configuration prior to contact by the lancet 183 as shown in 
sented by the flow diagram box numbered 275 . In this 30 FIG . 41 . The lancet tip 196 is still buried in the skin to a 
operation , the processor 193 causes a braking force to be depth of Y , as shown in FIG . 41 , however the elastic recoil 
applied to the lancet to thereby reduce the speed of the lancet of the tissue has displaced the lancet rearward or retrograde 
183 to achieve a desired amount of final skin penetration to the point of inelastic tenting that is indicated by the arrows 
depth 244 , as shown in FIG . 26 . Note that FIGS . 32 and 33 Z in FIG . 41 . During the rearward displacement of the lancet 
illustrate the lancet making contact with the patient ' s skin 35 183 due to the elastic tenting of the tissue 233 , the processor 
and deforming or depressing the skin prior to any substantial reads and stores the position data generated by the position 
penetration of the skin . The speed of the lancet 183 is sensor 191 and thus measures the amount of elastic tenting , 
preferably reduced to a value below a desired threshold and which is the difference between X and Z . 
is ultimately reduced to zero . The processor 193 can reduce The tenting process and retrograde motion of the lancet 
the speed of the lancet 183 by causing a current to be sent 40 183 during the lancing cycle is illustrated graphically in FIG . 
to a 214 - 217 coil that will exert an attractive braking force 42 which shows both a velocity versus time graph and a 
on the magnetic member 202 in a proximal direction away position versus time graph of a lancet tip 196 during a 
from the patient ' s tissue or skin 233 , as indicated by the lancing cycle that includes elastic and inelastic tenting . In 
arrow 290 in FIG . 36 . Such a negative force reduces the FIG . 42 , from point 0 to point A , the lancet 183 is being 
forward or distally oriented speed of the lancet 183 . The 45 accelerated from the initialization position or zero position . 
processor 193 can determine which coil 214 - 217 to energize From point A to point B , the lancet is in ballistic or coasting 
based upon the position of the magnetic member 202 with mode , with no additional power being delivered . At point B , 
respect to the coils 214 - 217 of the driver coil pack 188 , as the lancet tip 196 contacts the tissue 233 and begins to tent 
indicated by the position sensor 191 . the skin 233 until it reaches a displacement C . As the lancet 

In the next operation , the process proceeds to the with - 50 tip 196 approaches maximum displacement , braking force is 
draw phase , as represented by the flow diagram box num - applied to the lancet 183 until the lancet comes to a stop at 
bered 277 . The withdraw phase begins with the operation point D . The lancet 183 then recoils in a retrograde direction 
represented by the flow diagram box numbered 279 in FIG . during the settling phase of the lancing cycle indicated 
29C . Here , the processor 193 allows the lancet 183 to settle between D and E . Note that the magnitude of inelastic 
at a position of maximum skin penetration 244 , as shown in 55 tenting indicated in FIG . 42 is exaggerated for purposes of 
FIG . 35 . In this regard , the processor 193 waits until any illustration . 
motion in the lancet 183 ( due to vibration from impact and The amount of inelastic tenting indicated by Z tends to be 
spring energy stored in the skin , etc . ) has stopped by fairly consistent and small compared to the magnitude of the 
monitoring changes in position of the lancet 183 . The elastic tenting . Generally , the amount of inelastic tenting Z 
processor 193 preferably waits until several milliseconds 60 can be about 120 to about 140 microns . As the magnitude of 
( ms ) , such as on the order of about 8 ms , have passed with the inelastic tenting has a fairly constant value and is small 
no changes in position of the lancet 183 . This is an indication compared to the magnitude of the elastic tenting for most 
that movement of the lancet 183 has ceased entirely . In some patients and skin types , the value for the total amount of 
embodiments , the lancet may be allowed to settle for about tenting for the penetration stroke of the lancet 183 is 
1 to about 2000 milliseconds , specifically , about 50 to about 65 effectively equal to the rearward displacement of the lancet 
200 milliseconds . For other embodiments , the settling time during the settling phase as measured by the processor 193 
may be about 1 to about 200 milliseconds . plus a predetermined value for the inelastic recoil , such as 
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130 microns . Inelastic recoil for some embodiments can be velocity is not important , a withdrawal velocity of about 2 
about 100 to about 200 microns . The ability to measure the to about 10 meters per second may be used . 
magnitude of skin 233 tenting for a patient is important to In the next operation , the processor 193 determines 
controlling the depth of penetration of the lancet tip 196 as whether the lancet 183 is moving in the desired backward 
the skin is generally known to vary in elasticity and other 5 direction as a result of the force applied , as represented by 
parameters due to age , time of day , level of hydration , the decision box numbered 281 . If the processor 193 deter 
gender and pathological state . mines that the lancet 183 is not moving ( a “ No ” result from 

This value for total tenting for the lancing cycle can then the decision box 281 ) , then the processor 193 continues to 
be used to determine the various characteristics of the cause a force to be exerted on the lancet 183 , as represented 
patient ' s skin 233 . Once a body of tenting data is obtained 10 by the flow diagram box numbered 282 . The processor 193 
for a given patient , this data can be analyzed in order to may cause a stronger force to be exerted on the lancet 183 
predict the total lancet displacement , from the point of skin or may just continue to apply the same amount of force . The 
contact , necessary for a successful lancing procedure . This processor then again determines whether the lancet is mov 
enables the tissue penetration device to achieve a high ing , as represented by the decision box numbered 283 . If 
success rate and minimize pain for the user . A rolling 15 movement is still not detected ( a “ No ” result from the 
average table can be used to collect and store the tenting data decision box numbered 283 ) , the processor 193 determines 
for a patient with a pointer to the last entry in the table . When that an error condition is present , as represented by the flow 
a new entry is input , it can replace the entry at the pointer diagram box numbered 284 . In such a situation , the proces 
and the pointer advances to the next value . When an average sor preferably de - energizes the coils to remove force from 
is desired , all the values are added and the sum divided by 20 the lancet , as the lack of movement may be an indication that 
the total number of entries by the processor 193 . Similar the lancet is stuck in the skin of the patient and , therefore , 
techniques involving exponential decay ( multiply by 0 . 95 , that it may be undesirable to continue to attempt pull the 
add 0 . 05 times current value , etc . ) are also possible . lancet out of the skin . 

With regard to tenting of skin 233 generally , some typical With reference again to the decision boxes numbered 281 
values relating to penetration depth are now discussed . FIG . 25 and 283 in FIG . 29C , if the processor 193 determines that the 
43 shows a cross sectional view of the layers of the skin 233 . lancet is indeed moving in the desired backward direction 
In order to reliably obtain a useable sample of blood from away from the skin 233 , then the process proceeds to the 
the skin 233 , it is desirable to have the lancet tip 196 reach operation represented by the flow diagram box numbered 
the venuolar plexus of the skin . The stratum corneum is 285 . In this operation , the backward movement of the lancet 
typically about 0 . 1 to about 0 . 6 mm thick and the distance 30 183 continues until the lancet distal end has been completely 
from the top of the dermis to the venuole plexus can be from withdrawn from the patient ' s skin 233 . As discussed above , 
about 0 . 3 to about 1 . 4 mm . Elastic tenting can have a in some embodiments the lancet 183 is withdrawn with less 
magnitude of up to about 2 mm or so , specifically , about 0 . 2 force and a lower speed than the force and speed during the 
to about 2 . 0 mm , with an average magnitude of about 1 mm . penetration portion of the operation cycle . The relatively 
This means that the amount of lancet displacement neces - 35 slow withdrawal of the lancet 183 may allow the blood from 
sary to overcome the tenting can have a magnitude greater the capillaries of the patient accessed by the lancet 183 to 
than the thickness of skin necessary to penetrate in order to follow the lancet 183 during withdrawal and reach the skin 
reach the venuolar plexus . The total lancet displacement surface to reliably produce a usable blood sample . The 
from point of initial skin contact may have an average value process then ends . 
of about 1 . 7 to about 2 . 1 mm . In some embodiments , 40 Controlling the lancet motion over the operating cycle of 
penetration depth and maximum penetration depth may be the lancet 183 as discussed above allows a wide variety of 
about 0 . 5 mm to about 5 mm , specifically , about 1 mm to lancet velocity profiles to be generated by the lancing device 
about 3 mm . In some embodiments , a maximum penetration 180 . In particular , any of the lancet velocity profiles dis 
depth of about 0 . 5 to about 3 mm is useful . cussed above with regard to other embodiments can be 

Referring back to FIG . 29C , in the next operation , rep - 45 achieved with the processor 193 , position sensor 191 and 
resented by the flow diagram box numbered 280 in FIG . driver coil pack 188 of the lancing device 180 . 
29C , the processor 193 causes a withdraw force to be Another example of an embodiment of a velocity profile 
exerted on the lancet 183 to retract the lancet 183 from the for a lancet can be seen in FIGS . 44 and 45 , which illustrates 
skin 233 , as shown by arrow 290 in FIG . 36 The processor a lancet profile with a fast entry velocity and a slow 
193 sends a current to an appropriate coil 214 - 217 so that the 50 withdrawal velocity . FIG . 44 illustrates an embodiment of a 
coil 214 - 217 exerts an attractive distally oriented force on lancing profile showing velocity of the lancet versus posi 
the magnetic member 202 , which should cause the lancet tion . The lancing profile starts at zero time and position and 
183 to move backward in the desired direction . In some shows acceleration of the lancet towards the tissue from the 
embodiments , the lancet 183 is withdrawn with less force electromagnetic force generated from the electromagnetic 
and a lower speed than the force and speed during the 55 driver . At point A , the power is shut off and the lancet 183 
penetration portion of the operation cycle . Withdrawal speed begins to coast until it reaches the skin 233 indicated by B 
of the lancet in some embodiments can be about 0 . 004 to at which point , the velocity begins to decrease . At point C , 
about 0 . 5 m / s , specifically , about 0 . 006 to about 0 . 01 m / s . In the lancet 183 has reached maximum displacement and 
other embodiments , useful withdrawal velocities can be settles momentarily , typically for a time of about 8 milli 
about 0 . 001 to about 0 . 02 meters per second , specifically , 60 seconds . 
about 0 . 001 to about 0 . 01 meters per second . For embodi - A retrograde withdrawal force is then imposed on the 
ments that use a relatively slow withdrawal velocity com - lancet by the controllable driver , which is controlled by the 
pared to the penetration velocity , the withdrawal velocity processor to maintain a withdrawal velocity of no more than 
may up to about 0 . 02 meters per second . For such embodi - about 0 . 006 to about 0 . 01 meters / second . The same cycle is 
ments , a ratio of the average penetration velocity relative to 65 illustrated in the velocity versus time plot of FIG . 45 where 
the average withdrawal velocity can be about 100 to about the lancet is accelerated from the start point to point A . The 
1000 . In embodiments where a relatively slow withdrawal lancet 183 coasts from A to B where the lancet tip 196 
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contacts tissue 233 . The lancet tip 196 then penetrates the trically coupled to the processor 313 and provides electrical 
tissue and slows with braking force eventually applied as the power to operate the processor 313 and power the driver coil 
maximum penetration depth is approached . The lancet is pack 295 . The power source 316 may be one or more 
stopped and settling between C and D . At D , the withdrawal batteries ( not shown ) that provide direct current power to the 
phase begins and the lancet 183 is slowly withdrawn until it 5 processor 313 as discussed above . 
returns to the initialization point shown by E in FIG . 45 . The position sensor 296 is an analog reflecting light 
Note that retrograde recoil from elastic and inelastic tenting sensor that has a light source and light receiver in the form 
was not shown in the lancing profiles of FIGS . 44 and 45 for of a photo transducer 317 disposed within a housing 318 
purpose of illustration and clarity . with the housing 318 secured in fixed spatial relation to the 

In another embodiment , the withdrawal phase may use a 10 driver coil pack 295 . A reflective member 319 is disposed on 
dual speed profile , with the slow 0 . 006 to 0 . 01 meter per or secured to a proximal end 320 of the magnetic member 
second speed used until the lancet is withdrawn past the 301 . The processor 313 determines the position of the lancet 
contact point with the tissue , then a faster speed of 0 . 01 to 299 by first emitting light from the light source of the photo 
1 meters per second may be used to shorten the complete transducer 317 towards the reflective member 319 with a 
cycle . 15 predetermined solid angle of emission . Then , the light 

Referring to FIG . 46 , another embodiment of a lancing receiver of the photo transducer 317 measures the intensity 
device including a controllable driver 294 with a driver coil of light reflected from the reflective member 319 and 
pack 295 , position sensor and lancet 183 are shown . The electrical conductors 315 transmit the signal generated 
lancet 297 has a proximal end 298 and a distal end 299 with therefrom to the processor 313 . 
a sharpened point at the distal end 299 of the lancet 297 . A 20 By calibrating the intensity of reflected light from the 
magnetic member 301 disposed about and secured to a reflective member 319 for various positions of the lancet 297 
proximal end portion 302 of the lancet 297 with a lancet during the operating cycle of the driver coil pack 295 , the 
shaft 303 being disposed between the magnetic member 301 position of the lancet 297 can thereafter be determined by 
and the sharpened point 299 . The lancet shaft 303 may be measuring the intensity of reflected light at any given 
comprised of stainless steel , or any other suitable material or 25 moment . In one embodiment , the sensor 296 uses a com 
alloy . The lancet shaft 303 may have a length of about 3 mm mercially available LED / photo transducer module such as 
to about 50 mm specifically , about 5 mm to about 15 mm . the OPB703 manufactured by Optek Technology , Inc . , 1215 

The magnetic member 301 is configured to slide within an W . Crosby Road , Carrollton , Tex . , 75006 . This method of 
axial lumen 304 of the driver coil pack 295 . The driver coil analog reflective measurement for position sensing can be 
pack 295 includes a most distal first coil 305 , a second coil 30 used for any of the embodiments of lancet actuators dis 
306 , which is axially disposed between the first coil 305 and cussed herein . In addition , any of the lancet actuators or 
a third coil 307 , and a proximal - most fourth coil 308 . Each drivers that include coils may use one or more of the coils 
of the first coil 305 , second coil 306 , third coil 307 and to determine the position of the lancet 297 by using a 
fourth coil 308 has an axial lumen . The axial lumens of the magnetically permeable region on the lancet shaft 303 or 
first through fourth coils 305 - 308 are configured to be 35 magnetic member 301 itself as the core of a Linear Variable 
coaxial with the axial lumens of the other coils and together Differential Transformer ( LVDT ) . 
form the axial lumen 309 of the driver coil pack 295 as a Referring to FIGS . 47 and 48 , a flat coil lancet driver 325 
whole . Axially adjacent each of the coils 305 - 308 is a is illustrated which has a main body housing 326 and a 
magnetic disk or washer 310 that augments completion of rotating frame 327 . The rotating frame 327 pivots about an 
the magnetic circuit of the coils 305 - 308 during a lancing 40 axle 328 disposed between a base 329 , a top body portion 
cycle of the driven coil pack 295 . The magnetic washers 310 330 of the main body housing 326 and disposed in a pivot 
of the embodiment of FIG . 46 are made of ferrous steel but guide 331 of the rotating frame 327 . An actuator arm 332 of 
could be made of any other suitable magnetic material , such the rotating frame 327 extends radially from the pivot guide 
as iron or ferrite . The magnetic washers 310 have an outer 331 and has a linkage receiving opening 333 disposed at an 
diameter commensurate with an outer diameter of the driver 45 outward end 334 of the actuator arm 332 . A first end 335 of 
coil pack 295 of about 4 . 0 to about 8 . 0 mm . The magnetic a coupler linkage 336 is coupled to the linkage receiving 
washers 310 have an axial thickness of about 0 . 05 , to about opening 333 of the actuator arm 332 and can rotate within 
0 . 4 mm , specifically , about 0 . 15 to about 0 . 25 mm . The outer the linkage receiving opening 333 . A second end 337 of the 
shell 294 of the coil pack is also made of iron or steel to coupler linkage 336 is disposed within an opening at a 
complete the magnetic path around the coils and between the 50 proximal end 338 of a coupler translation member 341 . This 
washers 310 . configuration allows circumferential forces imposed upon 

Wrapping or winding an elongate electrical conductor 311 the actuator arm 332 to be transferred into linear forces on 
about the axial lumen 309 until a sufficient number of a drive coupler 342 secured to a distal end 343 of the coupler 
windings have been achieved forms the coils 305 - 308 . The translation member 341 . The materials and dimensions of 
elongate electrical conductor 311 is generally an insulated 55 the drive coupler 342 can be the same or similar to the 
solid copper wire . The particular materials , dimensions materials and dimensions of the drive coupler 342 discussed 
number of coil windings etc . of the coils 305 - 308 , washers above . 
310 and other components of the driver coil pack 295 can be Opposite the actuator arm 332 of the rotating frame 327 , 
the same or similar to the materials , dimensions number of a translation substrate in the form of a coil arm 344 extends 
coil windings etc . of the driver coil pack 188 discussed 60 radially from the pivot guide 331 of the rotating frame 327 . 
above . The coil arm 344 is substantially triangular in shape . A flat 

Electrical conductors 312 couple the driver coil pack 295 coil 345 is disposed on and secured to the coil arm 344 . The 
with a processor 313 which can be configured or pro - flat coil 345 has leading segment 346 and a trailing segment 
grammed to control the current flow in the coils 305 - 308 of 347 , both of which extend substantially orthogonal to the 
the driver coil pack 295 based on position feedback from the 65 direction of motion of the segments 346 and 347 when the 
position sensor 296 , which is coupled to the processor 313 rotating frame 327 is rotating about the pivot guide 331 . The 
by electrical conductors 315 . A power source 316 is elec - leading segment 346 is disposed within a first magnetically 
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active region 348 generated by a first upper permanent with a major outer diameter or transverse dimension of 
magnet 349 secured to an upper magnet base 351 and a first about 1 to about 25 mm , specifically about 1 to about 12 
lower permanent magnet 352 secured to a lower magnet mm . 
base 353 . The trailing segment 347 is disposed within a The outer diameter or transverse dimension of the inner 
second magnetically active region 354 generated by a sec - 5 coil 374 at the proximal end 371 of the driver coil pack 370 
ond upper permanent magnet 355 secured to the upper is approximately equal to the diameter of the axial lumen 
magnet base 351 and a second lower permanent magnet 373 at the proximal end 371 of the coil pack 370 . That is , the 
secured to the lower magnet base 353 . inner coil 374 tapers to a reduce outer diameter proximally 

The magnetic field lines or circuit of the first upper and until there are few or no wraps of elongate electrical 
lower permanent magnets 349 , 352 , 355 and 356 can be 10 conductor 375 at the proximal end 371 of the driver coil 

pack 370 . The tapered configuration of the inner coil 374 directed upward from the first lower permanent magnet 352 produces an axial magnetic field gradient within the axial to the first upper permanent magnet 349 or downward in an lumen 373 of the driver coil pack 370 when the inner coil opposite direction . The magnetic field lines from the second 374 is activated with electrical current flowing through the permanent magnets 355 and 356 are also directed up or 15 elongate electrical conductor 375 of the inner coil 374 . 
down , and will have a direction opposite to that of the first The axial magnetic field gradient produces a driving force 
upper and lower permanent magnets 349 and 352 . This for a magnetic momhor 27 for a magnetic member 376 disposed within the axial lumen 
configuration produces rotational force on the coil arm 344 373 that drives the magnetic member 376 towards the distal 
about the pivot guide 331 with the direction of the force end 372 of the driver coil pack 370 when the inner coil 374 
determined by the direction of current flow in the flat coil 20 is activated . The driving force on the magnetic member 
345 . As seen in FIGS . 47 and 48 , the movable member 327 produced by the inner coil 374 is a smooth continuous force , 
is not fully enclosed , encircled , or surrounded by the mag - which can produce a smooth and continuous acceleration of 
nets 349 , 353 , 355 , and 356 . It should be understood that in the magnetic member 376 and lancet 377 secured thereto . In 
other embodiments , the configuration may be altered such some embodiments , the ratio of the increase in outer diam 
that the movable member 327 contains a magnet and coils 25 eter versus axial displacement along the inner coil 374 in a 
take the place of items 349 , 353 , 355 , and 356 in those distal direction can be from about 1 to about 0 . 08 , specifi 
positions . Thus , the coil is a flat coil that does not fully cally , about 1 to about 0 . 08 . 
enclose the movable member . An outer coil 378 is disposed on and longitudinally 

A position sensor 357 includes an optical encoder disk coextensive with the inner coil 374 . The outer coil 378 can 

section 358 is secured to the rotating frame 327 which 30 h 30 have the same or similar dimensions and construction as the 
inner coil 374 , except that the outer coil 378 tapers proxi rotates with the rotating frame 327 and is read by an optical mally to an increased diameter or transverse dimension . The encoder 359 which is secured to the base 329 . The position greater wraps per inch of elongate electrical conductor 379 sensor 357 determines the rotational position of the rotating in a proximal direction for the outer coil 378 produces a frame 327 and sends the position information to a processor 35 cessor 35 magnetic field gradient that drives the magnetic member 376 360 which can have features which are the same or similar in a proximal direction when the outer coil 378 is activated 

to the features of the processor 193 discussed above via with electrical current . This produces a braking or reversing 
electrical leads 361 . Electrical conductor leads 363 of the flat effect on the magnetic member 376 during an operational 
coil 345 are also electrically coupled to the processor 360 . cycle of the lancet 377 and driver coil pack 370 . The 
As electrical current is passed through the leading seg - 40 elongate electrical conductors 375 and 379 of the inner coil 

ment 346 and trailing segment 347 of the flat coil 345 , the 374 and outer coil 378 are coupled to a processor 381 , which 
rotational forces imposed on the segments 346 and 347 are is coupled to an electrical power source 382 . The processor 
transferred to the rotating frame 327 to the actuator arm 332 , 381 can have properties similar to the other processors 
through the coupler linkage 336 and coupler translation discussed above and can control the velocity profile of the 
member 341 and eventually to the drive coupler 342 . In use , 45 magnetic member 376 and lancet 377 to produce any of the 
a lancet ( not shown ) is secured into the drive coupler 342 , velocity profiles above as well as others . The driver coil pack 
and the flat coil lancet actuator 325 activated . The electrical 370 can be used as a substitute for the coil driver pack 
current in the flat coil 345 determines the forces generated discussed above , with other components of the lancing 
on the drive coupler 342 , and hence , a lancet secured to the device 180 being the same or similar . 
coupler 342 . The processor 360 controls the electrical cur - 50 Embodiments of driver or actuator mechanisms having 
rent in the flat coil 345 based on the position and velocity of been described , we now discuss embodiments of devices 
the lancet as measured by the position sensor 357 informa - which can house lancets , collect samples of fluids , analyze 
tion sent to the processor 360 . The processor 360 is able to the samples or any combination of these functions . These 
control the velocity of a lancet in a manner similar to the front - end devices may be integrated with actuators , such as 
processor 193 discussed above and can generate any of the 55 those discussed above , or any other suitable driver or 
desired lancet velocity profiles discussed above , in addition controllable driver . 
to others . Generally , most known methods of blood sampling 

FIGS . 49 and 50 depict yet another embodiment of a require several steps . First , a measurement session is set up 
controlled driver 369 having a driver coil pack 370 for a by gathering various articles such as lancets , lancet drivers , 
tissue penetration device . The driver coil pack 370 has a 60 test strips , analyzing instrument , etc . Second , the patient 
proximal end 371 , a distal end 372 and an axial lumen 373 must assemble the paraphernalia by loading a sterile lancet , 
extending from the proximal end 371 to the distal end 372 . loading a test strip , and arming the lancet driver . Third , the 
An inner coil 374 is disposed about the axial lumen 373 and patient must place a finger against the lancet driver and using 
has a tapered configuration with increasing wraps per inch of the other hand to activate the driver . Fourth , the patient must 
an elongate conductor 375 in a distal direction . The inner 65 put down the lancet driver and place the bleeding finger 
coil 374 extends from the proximal end 371 of the coil driver against a test strip , ( which may or may not have been loaded 
pack 370 to the distal end 372 of the driver coil pack 370 into an analyzing instrument ) . The patient must insure blood 
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has been loaded onto the test strip and the analyzing instru ergonomically contoured surface 426 . This applies down 
ment has been calibrated prior to such loading . Finally , the ward pressure on the sampling module 410 , which is loaded 
patient must dispose of all the blood - contaminated parapher into the socket 432 . As the socket 432 is pushed downward 
nalia including the lancet . As such , integrating the lancing it compresses the springs 434 . The sensor 446 makes contact 
and sample collection features of a tissue penetration sam - 5 with the distal end 442 of the driver 438 and thereby 
pling device can achieve advantages with regard to patient electrically detects the presence of the finger on the ergo 
convenience . nomically contoured surface . The sensor can be a piezoelec 

FIG . 51 shows a disposable sampling module 410 , which tric device , which detects this pressure and sends a signal to 
houses the lancet 412 . The lancet 412 has a head on a circuit 456 , which actuates the driver 438 and advances and 
proximal end 416 which connects to the driver 438 and a 10 then retracts the lancet 412 lancing the finger 450 . In another 
distal end 414 , which lances the skin . The distal end 414 is embodiment , the sensor 446 is an electric contact , which 
disposed within the conduit 418 . The proximal end 416 closes a circuit when it contacts the driver 438 activating the 
extends into the cavity 420 . The sample reservoir 422 has a driver 438 to advance and retract the lancet 412 lancing the 
narrow input port 424 on the ergonomically contoured finger 450 . 
surface 426 , which is adjacent to the distal end 414 of the 15 An embodiment of a method of sampling includes a 
lancet 412 . The term ergonomically contoured , as used reduced number of steps that must be taken by a patient to 
herein , generally means shaped to snugly fit a finger or other obtain a sample and analysis of the sample . First , the patient 
body portion to be lanced or otherwise tested placed on the loads a sampling module 410 with an embedded sterile 
surface . The sampling module 410 is capable of transporting lancet into the housing device 410 ' . Second , the patient 
the blood sample from the sample reservoir 422 through 20 initiates a lancing cycle by turning on the power to the 
small passages ( not shown ) , to an analytical region 428 . The device or by placing the finger to be lanced on the ergo 
analytical region 428 can include chemical , physical , opti - nomically contoured surface 426 and pressing down . Initia 
cal , electrical or other means of analyzing the blood sample . tion of the sensor makes the sensor operational and gives 
The lancet , sample flow channel , sample reservoir and control to activate the launcher . 
analytical region are integrated into the sampling module 25 The sensor is unprompted when the lancet is retracted 
410 in a single packaged unit . after its lancing cycle to avoid unintended multiple lancing 

FIG . 52 shows the chamber 430 in the housing 410 ' where events . The lancing cycle consists of arming , advancing , 
the sampling module 410 is loaded . The sampling module stopping and retracting the lancet , and collecting the blood 
410 is loaded on a socket 432 suspended with springs 434 sample in the reservoir . The cycle is complete once the blood 
and sits in slot 436 . A driver 438 is attached to the socket 30 sample has been collected in the reservoir . Third , the patient 
432 . The driver 438 has a proximal end 440 and a distal end presses down on the sampling module , which forces the 
442 . The driver 438 can be either a controllable driver or driver 38 to make contact with the sensor , and activates the 
non - controllable driver any mechanical , such as spring or driver 438 . The lancet then pierces the skin and the reservoir 
cam driven , or electrical , such as electromagnetically or collects the blood sample . 
electronically driven , means for advancing , stopping , and 35 The patient is then optionally informed to remove the 
retracting the lancet . There is a clearance 444 between the finger by an audible signal such as a buzzer or a beeper , 
distal end 442 of the driver 438 and the sensor 446 , which and / or a visual signal such as an LED or a display screen . 
is attached to the chamber 430 . The socket 432 also contains The patient can then dispose of all the contaminated parts by 
an analyzer 448 , which is a system for analyzing blood . The removing the sampling module 410 and disposing of it . In 
analyzer 448 corresponds to the analytical region 428 on the 40 another embodiment , multiple sampling modules 410 may 
module 410 when it is loaded into the socket 432 . be loaded into the housing 410 ' in the form of a cartridge 

FIG . 53 shows a tissue penetration sampling device 411 ( not shown ) . The patient can be informed by the tissue 
with the sampling module 410 loaded into the socket 432 of penetration sampling device 411 as to when to dispose of the 
housing 410 ' . The analytical region 428 and analyzer 448 entire cartridge after the analysis is complete . 
overlap . The driver 438 fits into the cavity 420 . The proxi - 45 In order to properly analyze a sample in the analytical 
mal end 440 of the driver 438 abuts the distal end 416 of the region 428 of the sampling module 410 , it may be desirable 
lancet 412 . The patient ' s finger 450 sits on the ergonomi - or necessary to determine whether a fluid sample is present 
cally contoured surface 426 . in a given portion of the sample flow channel , sample 

FIG . 54 shows a drawing of an alternate lancet configu - reservoir or analytical area . A variety of devices and meth 
ration where the lancet 412 and driver 438 are oriented to 50 ods for determining the presence of a fluid in a region are 
lance the side of the finger 450 as it sits on the ergonomically discussed below . 
contoured surface 426 . In FIG . 57 , a thermal sensor 500 embedded in a substrate 

FIG . 55 illustrates the orifice 452 and ergonomically 502 adjacent to a surface 504 over which a fluid may flow . 
contoured surface 426 . The conduit 418 has an orifice 452 , The surface may be , for example , a wall of a channel 
which opens on a blood well 454 . The sample input port 424 55 through which fluid may flow or a surface of a planar device 
of the reservoir 422 also opens on the blood well 454 . The over which fluid may flow . The thermal sensor 500 is in 
diameter of the sample input port 424 is significantly greater electrical communication with a signal - conditioning ele 
than the diameter of the orifice 452 , which is substantially ment 506 , which may be embedded in the substrate 502 or 
the same diameter as the diameter of the lancet 412 . After the may be remotely located . The signal - conditioning element 
lancet is retracted , the blood flowing from the finger 450 will 60 506 receives the signal from the thermal sensor 500 and 
collect in the blood well 454 . The lancet 412 will have been modifies it by means such as amplifying it and filtering it to 
retracted into the orifice 452 effectively blocking the passage reduce noise . FIG . 57 also depicts a thermal sensor 508 
of blood down the orifice 452 . The blood will flow from the located at an alternate location on the surface where it is 
blood well 454 through the sample input port 424 into the directly exposed to the fluid flow . 
reservoir 422 . 65 FIG . 58 shows a configuration of a thermal sensor 500 

FIG . 56 shows a drawing of the lancing event . The patient adjacent to a separate heating element 510 . The thermal 
applies pressure by pushing down with the finger 450 on the sensor 500 and the heating element 510 are embedded in a 












































